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Double  Cylinder  Expansion  3Iarine  Engines.  By  Alban  C.  Stimers, 

Chief  Engineer  U.  S.  Navy. 

In  the  year  1781  Jonathan  Hornblower  obtained  his  patent  for  using 
two  cylinders,  one  larger  than  the  other,  to  get  the  benefit  of  the  ex- 
pansion of  the  steam,  which,  after  impelling  a  small  piston  with  steam 
of  the  boiler  pressure,  was  to  pass  into  the  large  cylinder  and  act  upon 
the  greater  number  of  square  inches  with  a  less  pressure  per  square 
inch,  thus  rendering  the  two  cylinders  approximately  equal  in  power. 
This  was  before  the  days  of  "patent  cut-offs,"  and  indeed  the  inten- 
tion of  Hornblower  was  the  same  as  that  of  the  cut-off  inventors  of  the 
present  day,  a  moderate  expansion  only  was  intended,  the  steam  was 
to  follow  the  small  piston  during  the  whole  stroke  and  steam  of  a  very 
moderate  pressure  was  to  be  used.  After  getting  his  patent,  how- 
ever, he  could  make  no  use  of  it  as  Watt's  claims  covered  every  va- 
riety of  engine  to  which  such  a  principle  could  be  applied. 

It  is  noteworthy  that  this  patent  of  Hornblower's  was  the  first  public 
announcement  that  there  was  any  benefit  to  be  derived  from  the  expan- 
sion of  the  steam  when  not  flowing  freely  from  the  boiler ;  althouorh 
"Watt  had  made  a  practical  application  of  the  principle  in  an  engine 
erected  at  Soho,  near  Birmingham,  in  1776,  five  years  before,  by  closing 
his  induction  valves  before  the  piston  had  arrived  at  the  end  of  the 
stroke  in  an  ordinary  single  cylinder  engine,  as  is  the  common  practice 
at  the  present  day. 

Hornblower's  mode  of  effecting  the  expansion  has  had  many  advo- 
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catcs  even  since  tlic  introduction  of  excellent  modes  of  effecting  expan- 
sion in  a  sin<:;lo  cylinder,  but  us  a  general  rule;  it  lias  only  been  by  ama- 
teur engineers,  and  as  a  conseijuejiee,  but  f'cnv  have  been  actually  built. 

The  only  application  of  them  to  marine  purposes  in  this  country 
■which  has  fallen  under  my  observation,  were  those  of  the  steamboats 
Independence,  Orcf/on,  and  Ihiekei/e  State.  The  first  of  tliese  plied 
upon  tiie  Hudson  lliver  more  than  thirty  years  ago,  and  had  what  is 
known  in  this  country  as  a  square  engine.  The  steam  first  acted  upon 
two  small  pistons  in  vertical  cylinders  standing  one  upon  each  side  of 
a  large  one,  into  which  the  steam  passed  from  both  the  small  cylinders 
after  the  comi)letion  of  the  stroke  of  their  pistons.  The  piston-rods 
from  each  of  the  three  cylinders  were  attached  to  the  same  crosshead. 

The  engine  of  the  Oregon  was  a  non-condensing  horizontal  one, 
built  at  Pittsburgh,  Pa.,  in  1847,  and  the  boat  plied  on  our  Northern 
Lakes  during  five  or  six  years  and  was  finally  destroyed  by  fire  in 
Chicago.  The  small  high  pressure  cylinder  was  directly  in  the  rear 
of  the  large  low  pressure  one,  a  piston-rod  passing  through  stuffing- 
boxes  in  the  rear  of  the  large,  and  the  head  of  the  small  cylinder  con- 
nected the  two  pistons  rigidly  together.  This  was  a  very  awkward 
arrano-ement,  as  the  steam,  after  acting  upon  the  rear  side  of  the  small 
piston,  had  to  traverse  a  steam  pipe  after  leaving  the  cylinder,  of  more 
than  twice  the  length  of  the  stroke  before  it  could  act  upon  the  front 
side  of  the  large  piston. 

The  following  are  the  dimensions  of  the  cylinders : 

Length  of  stroke                 .                          .                          .  10  ft. 

Diameter  of  large  cylinder,            *                          .  .                         48  ins. 

"           small      "                                  .                          .  28    " 
Ratio  of  areas,        .                          .                          .                    about  3  to  1. 

No.  of  times  the  steam  was  expanded  in  the  small  cylinder,  none. 

Consequent  total  number  of  times  the  steam  was  expanded,  three. 

Pressure  of  steam  carried  in  boilers,         .                          .  80  lbs. 

Although  this  engine  was  unpopular,  it  is  generally  acknowledged 
to  have  been  economical  upon  fuel. 

The  Buckeye  State  was  built  in  Cleveland,  Ohio,  in  1851  as  a  pas- 
senger boat  for  Lake  Erie.  The  engine,  with  the  exception  of  the 
cylinder,  w\as  the  ordinary  condensing,  vertical,  overhead  beam,  with 
lifting  air-pump.  The  small  high  pressure  cylinder  was  directly  within 
the  large  low  pressure  one,  which  thus  had  necessarily  an  annular  pis- 
ton ;  both  pistons  were  connected  to  the  same  crosshead  by  three  piston- 
rods,  one  from  the  central  and  two  from  the  annular  piston.  In  this 
arrangement  the  steam  was  required  to  pass  through  pipes  equal  in 
length  to  the  cylinders  themselves  after  leaving  the  small  piston  before 
it  could  act  upon  the  large  one. 

The  cylinders  were  of  the  following  dimensions  : 

Length  of  stroke,                  .                           .  .  11  ft.       ^ 

Diameter  of  large  cylinder,            .  .  .40  and  80  ins. 

small      "                                   .  .  37    " 

Ratio  of  areas,                                 .  .  3^  to  1. 

No.  of  times  the  steam  was  expanded  in  the  small  cylinder,  none. 

Consequent  total  number  of  times  the  steam  was  expanded,  3^- 

Pressure  of  steam  carried  in  boilers,            .  .  50  lbs. 

This  boat  "would  maintain  the  same  speed  as  others  of  the  same 
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(limon?ioTis  riinninf:^  l)ctweon  Hufl'alo  and  Detroit  on  Lake  Erie  and 
con.^iuiiie  hut  two-tliinLs  the  coal. 

The  nieeliaineal  perforniances  of  the  cnfrinc  "were  excellent,  and  it 
won  its  way  through  distrust  and  prejudice  to  ]ii;:h  favor  witli  all 
classes,  and  has  at  last  only  succunihcd  to  the  raih'oads,  the  same  ag 
all  other  paddle  steamers  on  the  Lakes. 

In  the  course  of  a  cruise  in  the  Frigate  Merrimarh^  in  the  year  1859, 
on  the  western  coast  of  South  America,  I  found  tliat  an  English  line 
of  mail  steamers — the  l^aeillc  Steam  Navigation  Com])any — liad  sent 
two  vessels  to  England  and  had  the  double  cylinder  exj)ansion  engines 
of  Randolph,  Elder  &  Co.  put  into  them,  and  that  the  result  was  a 
remarkable  economy.  At  Callao  the  agent  of  the  Company,  Mr. 
Peters,  sent  an  invitation  through  our  Flag  Officer  for  me  to  visit  the 
Steamer  Callao^  at  that  time  in  port,  in  order  that  I  might  learn  the 
particulars  of  what  he  believed  was  a  great  improvement  in  steam  en- 
gineering. I  accepted  the  invitation,  and  afterwards  at  Panama,  by 
the  polite  invitation  of  Mr.  Jameson,  the  chief  engineer  of  the  line,  I 
visited  the  Inca^  the  Valparaiso,  and  the  Lima.  In  the  last  named 
I  made  a  trip  down  the  Bay  of  Panama  from  the  port  to  Taboga,  a 
distance  of  nine  miles,  and  thus  had  an  opportunity  to  thoroughly  ex- 
amine the  machinery  when  in  operation.  They  are  of  beautiful  work- 
manship, and  I  think  I  never  saw  machinery  where  the  designer  had 
been  so  entirely  successful  in  combining  compactness  with  easy  access 
to  every  part  requiring  attendance,  either  when  running  or  when  over- 
hauling for  repairs. 

There  are  two  pairs  of  double  cylinders,  one  forward  and  one  abaft 
the  paddle  shaft.  Thev  are  inclined  to  an  anirle  with  each  other  of 
ninety  degrees  and  are  direct-acting.  There  are  but  two  crank-pins, 
one  of  which  is  articulated  by  the  two  small  high  pressure  cylinders 
and  the  other  by  the  two  large  low  pressure  cylinders,  two  connecting- 
rods  engaging  each  crank-pin.  The  two  pairs  of  cranks  are  directly 
opposite  each  other,  and  the  small  and  large  cylinders  are  side  by  side. 
Thus,  when  the  small  piston  goes  up  the  large  one  goes  down  and 
vice  versa,  making  the  steam  passages  from  the  high  to  the  low  pres- 
sure cylinders  the  shortest  possible. 


i 

Description  of  Engine. 

Space  Occupied. 

Weight.          ( 

1 

Total. 

Per  cub. 
ft.  of  cy- 
linder. 

Total. 

Per  cub. 
ft.  of  cy- 
linder. 

1 

|The  American  overhead  beam,  (1  cylinder,) 
jThe  side  lever,         .                  .              " 
The  oscillator,                  .                       " 
The  double  cylinder  expansion  (4  cylinders,") 

cub.  feet. 

14,000 

12,000 

8,000 

]  10,000 

cub.  feet 

44-408 

38064 

25-376 

17000 

lbs. 
280.000 
295.000 
220,000 
448.000 

lbs. 
885 
9.35 
697 

760 

1 

Although  a  strict  comparison  cannot  be  made,  an  idea  of  their  com- 
pactness may  be  formed  by  the  above  spaces  and  weights  required  in 
the  ship  for  a  single  engine.  The  side  lever  and  oscillator  having 
cylinders  85  inches  diameter  and  8  feet  stroke,  and  the  American 
beam  an  equal  capacity,  but  of  70  inches  diameter  and  10  feet  stroke. 
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The  space  occupied  includes  all  passages  about  the  engines,  but  not 
that  i)art  of  the  oviM-head  beam  Aviiicli  is  up  out  of  the  -way  al)Ove  deck. 

The  small  cylinders  have  induction  valves  only.  They  arc  the  grid- 
iron slide  with  sullicient  lap  to  act  as  expansion  valves.  Between  the 
small  and  large  cylinders  are  slide  valves  of  the  ordinary  character, 
■without  lap,  having  their  faces  toward  the  large  cylinders,  and  when 
the  j>()rt  is  uncovered  by  the  valve  the  communication  is  free  from  the 
small  to  the  large  cylinder  at  one  end  and  from  the  large  cylinder  to 
the  condenser  at  tlio  other.  Tlie  cylinders  are  entirely  surrounded 
with  steam  from  the  top  of  the  steam  drums  of  the  boilers,  where  the 
temperature  is  from  100°  to  150°  F.  higher  than  at  the  surface  of  the 
water.  This  superheating  is  effected  by  having  steam  drums  12  feet 
in  height,  with  tlic  uptakes  from  tlic  tubes  to  the  smoke  pipe  passing 
through  them ;  the  fire  surface  thus  exposed  to  the  steam  being  about 
17*5  per  cent,  of  the  total  fire  surface. 

As  it  may  be  useful  to  some  readers  to  know  the  full  dimensions  of 
the  vessel,  boilers,  and  engines,  I  give  them  complete  of  the  Lima, 
those  of  the  Valparaiso,  Callao,  and  Bogota  being  essentially  the  same. 

Hull. — Length  on  deck,  257  ft.  Length  between  perpendiculars,  251  ft.  Breadth 
extreme,  30  ft.  Depth  of  hold,  17  ft.  Do.  to  spar  deck,  25  ft.  4  ins.  Length  of  engine 
space,  including  bunkers,  71  ft.  Do.  exclusive  of  do.  38  ft.  9  ins.  Tonnage,  (English 
old  measurement,)  1115  44-94  tojjs.  Do.  (do.  new  do.)  gross,  1461-24  tons.  Do.  (do.) 
engine  room,  295-61  tons.  Do.  (do.)  register,  1165  63  tons.  Displacement  at  lime  of 
trial,  134500  tons.  Area  of  midship  section  at  do.  302  sq.  ft.  Draft  of  water  at  do.  for- 
ward, 11  ft.,  aft,  12  ft.     Speed  at  do.  12  knots. 

Boilers. — Kind — Multitubular,  horizontal  fire  tube,  iron  tubes.  Number  of  pieces, 
two.  Length  of  each,  12  ft.  Breadth  of  each,  9  ft.  6  ins.  Height,  exclusive  of  steam 
drum,  13  ft.  6  ins.  Do.  inclusive  of  do.  25  ft.  Number  of  tubes,  516.  Diameter  of 
do.  outside,  4^  ins.,  inside,  4  ins.  Length  of  do,  6  ft.  6  ins.  Number  of  furnaces,  6. 
Length  of  grate  bars,  6  ft.  6  ins.  Breadth  of  each  furnace,  3  ft.  6  ins.  Grate  surface, 
136-5  sq.ft.  Fire  surface,  3200  sq.ft.  Ratio  of  fire  to  grate  surface,  23-44  to  1. 
Diameter  of  smoke-pipe,  5  ft.  Height  of  do.  above  grate,  45  ft.  Cubic  contents  of  water 
and  steam  space,  1000  cub.  ft.  Do.  of  combustion  chambers  and  furnaces,  480  cub.  ft. 
Air  space  through  fire  bars,  about  50  sq.  ft.  Do.  through  tubes,  50  sq.  ft.  Do.  through 
smoke-pipe,  19-6  sq.  ft.  Diameter  of  uptakes  through  steam  drum,  2  ft.  Number  of  do. 
six.  Surface  of  do.  exposed  to  steam,  560  sq.  ft.  Combustion  of  coal  per  hour  at  time 
of  trial,  2590  lbs.    Pressure  of  steam  at  do.  24  lbs. 

Engines. — Kind — Inclined  direct-acting,  double  cylinder  expansion.  Number  of  cylin- 
ders, four,  two  high  pressure  and  two  low  pressure.  Diameter  of  high  pressure  cylinders, 
62  ins.  Do.  of  low  do.  90  ins.  Ratio  of  areas,  about  three  to  one.  Length  of  stroke,  5  ft. 
Area  of  steam  passages,  (6x24,)  144  sq.  ins.  Condenser,  common  jet,  capacity,  400  cub. 
ft.  Air  pump,  vertical  single  acting,  lifting,  capacity,  17  cub.  ft.  Vacuum  at  time  of  trial, 
28  ins.    Horses  power  at  time  of  trial,  1150. 

PaddleWheels. — Kind— Feathering,  with  Penn's  eccentrics  andiron  floats.  Diame- 
ter over  floats,  25  ft.  2  ins.  Length  of  do.  8  ft.  2  ins.  Breadth  of  do.  3  ft.  Thickness 
of  do.  |-in.  Number  of  do.  in  each  wheel,  twelve.  Immersion  at  time  of  trial,  4  ft. 
Total  weight  of  engines,  200  tons.  Do.  of  boilers,  50  tons.  Do.  of  water  in  do.  18  tons. 
Do.  of  both  paddle  wheels,  40  tons.  Do.  of  coal  when  bunkers  are  filled,  250  tons. 

The  Lima  and  Bogota  were  in  constant  use  9000  miles  from  Eng- 
land, and  vrere  detached  from  their  service  in  the  line  and  sent  this 
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Cjrent  dlstnnco  under  steam,  to  liavc  macliincry  removed  wliich  was  of 
luuileni  construction  and  in  every  respect  meclianically  p^ood,  to  re- 
ceive new,  of  a  ty|)e  wliicli  liad  yet  to  become  known  to  tlio  <:^eneral 
engineering  profession.  Much  more  tlian  ordinaiy  advantages  must 
be  obtained  by  any  engineering  improvement  to  induce  so  conservative 
fi  body  as  Jin  English  steamship  company  to  put  themselves  to  so  great 
an  inconvenience  and  outlay. 

The  comparative  economy  of  the  ohl  and  the  new  machinery  of  these 
vessels  may  be  gathered  from  the  following  several  facts. — 

The  Valparaiso^  with  the  new  macliincry,  burned  040  tons  of  coal 
tlic  round  trip  between  Panama  and  Valparaiso,  at  the  same  time  that 
the  Lima  and  Botjota,  -with  the  old  machinery,  consumed  1150  tons. 

The  Lima  was  48  steaming  days  in  going  from  Callao  to  Liverpool, 
and  burned  1900  tons  of  coal.  On  her  return,  after  being  fitted  with 
the  new  machinery,  she  steamed  only  42  days,  and  burned  but  1000 
tons  of  coal ;  and  her  commander,  Capt.  Wells,  informed  me  that 
the  weather  was  more  favorable  on  the  passage  to  England  than  on 
his  return. 

The  Bogota^  on  her  first  passage  out,  in  April,  1852,  averaged  on 
the  passage  to  Madeira  9"75  knots  with  a  consumption  of  4256  lbs. 
of  coal  per  hour.  On  her  passage  out,  after  receiving  the  new  ma- 
chinery, in  September,  1859,  she  averaged  on  the  passage  to  St.  Vin- 
cent, Cape  de  Verde,  10-42  knots,  with  a  consumption  of  2128  lbs. 
per  hour. 

The  Chief  Engineer  of  the  Lima  informed  me  that  her  coal  bills 
for  the  round  trip  of  5200  nautical  miles,  were  7500  dollars  less  than 
they  were  previous  to  the  change  in  the  machinery. 

These  are  the  crude  facts  which  establish  the  great  gain  in  economy 
of  fuel ;  but,  in  addition  to  this,  the  tonnage  of  the  vessels  were  con- 
siderably increased  by  the  lesser  weight  and  space  of  the  new  ma- 
chinery, and  the  difi"erence  in  the  coals  required  to  be  carried. 

It  can  easily  be  understood,  therefore,  why  the  company,  after  be- 
coming convinced  that  the  above  results  could  be  obtained,  should  put 
themselves  to  such  great  inconvenience  and  expense.  It  is,  however, 
pretty  well  understood  by  American  engineers,  that  English  marine 
engines  generally,  though  possessing  great  mechanical  excellence, 
develop  considerably  less  power  per  pound  of  coal  than  American 
engines.  To  enable  the  American  engineer,  then,  to  judge  of  the 
propriety  of  introducing  machinery  of  that  character  into  our  steam 
marine,  it  is  necessary  to  compare  them  with  one  of  our  most  econo- 
mical American  engines.  Those  of  the  U.  S.  Frigate  Saranac  pre- 
sent, perhaps,  the  best  sample  that  could  be  taken,  as  they  are  tho- 
roughly American  engines,  and  are  very  economical. 

There  is  no  question  but  that  the  boilers  of  the  Saranac  and  those 
in  general  use  in  our  navy  at  the  present  time,  are  decidedly  superior 
to  those  which  have  been  furnished  to  the  Pacific  Steam  Navigation 
Company,  by  Randolph,  Elder  k  Co.  The  question  is,  therefore, 
solely  between  the  two  kinds  of  engines. 

To  make  a  strict  comparison  between  engines,  independent  of  the 
boilers,  it  is  necessary  to  compare  the  power  obtained  with  the  water 
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required  to  ])e  evaporated.  Tliis  can  be  done  with  little  dilTieiilty  from 
correctly-taken  indicator  diagrams  from  engines  in  good  working  or- 
der. There  is  also  a  great  advantage  in  this  mode  of  comparison,  in 
that  no  dependence  is  required  to  be  placed  upon  the  observations  of 
those  in  attendance,  always  liable  to  be  more  or  less  erroneous,  and 
in  that  it  is  not  necessary  to  take  a  mean  of  a  large  number  of  dia- 
grams: the  examination  of  one  set  giving  accurate  results  for  the  con- 
ditions which  exist  at  the  time  they  are  taken. 

The  Saranac  was  completed  in  1849.  The  engines  were  designed 
by  C.  W.  Copeland,  Esq.,  and  built  by  Jabez  Coney,  of  Boston.  She 
originally  had  flue  boilers  of  copper  ;  but  the  great  success  of  the 
3lartin  Vertical  Water  Tube  Boiler  led  to  their  removal  and  the  intro- 
duction of  the  latter  type  in  1857.  Her  engines,  however,  remain 
unchanged,  except  in  the  cut-off  gear,  which  is  quite  unimportant  in 
an  economical  point  of  view.  The  following  are  the  dimensions  of 
the  vessel,  boilers,  and  engines. — 

Hull. — Length  over  all,  237  ft.  Length  between  perpendiculars,  215  ft.  Breadth, 
extreme,  38  ft.  Depth  of  hold,  23  ft.  6  ins.  Tonnage  (Custom  House  measurement"), 
1440  tons.  Draft  of  water  at  deep  load,  17  ft.  9  ins.  Displacement  at  above  draft,  2290 
tons.  Area  of  midship  section  at  above  draft,  540  sq.  ft.  Speed  in  smooth  water  at 
sea  with  393*5  horses  power,  7  knots. 

Boilers. — Kind — Martin's  patent  vertical  water  tube;  brass  tubes.  Number  of  pieces, 
two.  Length  of  each,  10  ft.  6  ins.  Breadth  of  each,  20  ft.  5  ins.  Height  of  each,  ex- 
clusive of  steam  drum,  11  ft.  3  ins.  Do.,  inclusive  of  do.,  13  ft.  3  ins.'  Number  of  tubes, 
2860.  Diameter  of  do.,  inside,  1  8-10  ins.,  outside,  2  ins.  Length  of  do.,  2  ft.  9  ins. 
Number  of  furnaces,  12.  Length  of  grate  bars,  6  ft.  Breadth  of  each  furnace,  2  ft. 
9J  ins.  Grate  surface,  201  sq.  ft.  Fire  surface,  6009  sq.  ft.  Ratio  of  fire  to  grate  sur- 
face, 30  to  1.  Diameter  of  smoke-pipe,  6  ft.  4  ins.  Height  of  do.  above  grate,  60  ft. 
Air  space  through  fire-bars,  about  80  sq.  ft.  Do.  through  tube  boxes,  27*5  sq.  ft.  Do. 
through  smoke-pipe,  315  sq.  ft. 

Engines. — Kind — Inclined  direct-acting.  Number  of  cylinders,  two.  Diameter  of  do., 
60  ins.  Length  of  stroke,  9  ft.  Condenser,  common  jet.  Air  pump.  Inclined  piston 
pump. 

Paddle  Wheels. — Kind — Common  radial ;  wooden  floats.  Diameter  over  floats,  27 
ft.  6  ins.  Length  of  floats,  9  ft.  Breadth  of  do.,  2  ft.  6  ins.  Number  of  do.  in  each 
wheel,  22.     Immersion  at  above  draft,  6  ft.  4  ins. 

The  cylinders  of  the  Saranac  are  well  surrounded  by  felt  and 
wooden  lagging,  but  there  are  no  steam  jackets ;  neither  is  the  steam 
superheated. 

The  following  are  the  observed  conditions  at  the  time  the  diagrams 
in  the  adjoining  plate  were  taken.  The  engines  of  the  Valparaiso 
differ  from  the  others  in  not  having  the  cylinders  surrounded  with 
steam,  except  in  the  cylinder  bottoms  of  large  cylinders,  and  in  all 
cylinder  covers.  These  diagrams  were  taken  from  the  engines  when 
doing  their  ordinary  every-day  work ;  it  being  the  rule,  both  in  our 
navy  and  in  that  line  of  steamers,  to  take  one  complete  set  each  day, 
and  place  them  on  file.  One-half  only  of  each  set  examined  are  given 
in  the  plate. 

The  curved  lines  drawn  upon  the  diagrams,  marked  M,  show  the 
true  expansion  curve,  according  to  the  law  of  Mariotte.     Those 
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maikod  R  in  the  (l*Ni<2;rains  from  the  Sar(iHa<\  show  the  modification 
of  Mauiottk's  hiw,  which  is  cflVctcd  hy  the  sh^^lit  suj)erlicatiii;:  of  tlie 
ti^tcain  during  expansion,  according  to  t)ic  laws  of  steam  as  given  hy 
Kluinault.  Tlie  dotted  lines  along  the  expansion  curves  of  the  dia- 
grams, represent  the  true  pressure  in  the  cylinder. 


JSauanac. 

V  ALI'AUAISO. 

Uali.ao. 

Pressure  of  sloam  in  the  boiUrs, 

12    11)8. 

19.\  lbs. 

IH  Ihn. 

Vacuum  in  llie  cnniloiiscr, 

2G  ins. 

'20  ins. 

2G  ins. 

Position  of  throttle  valvo, 

Wide  open. 

4  ins.  open. 

'J'lMiiporalure  of  hot-wells, 

{\()^  F. 

. 

I'tiumls  of  coal  usctl  per  hour, 

1470 

2240 

19f)0 

Kind  of  coal, 

Anthracite. 

Scotch. Welsh, 

&  patent  fuel. 

Per  centum  of  ashes  ami  clinker, 

21 

15 

15 

When  the  induction  valve  is  closed  and  the  pressure  suddenly  com- 
mences to  fall,  the  indicator  piston  is  a  little  behind-hand  in  its  move- 
ments, and  then  when  it  does  start,  its  momentum  carries  it  a  little 
too  far.  In  applying  the  dotted  line,  I  have  been  compelled  to  rely 
entirely  upon  my  experience  and  judgment  in  such  matters.  If  any 
engineer  thinks  they  are  incorrect,  he  can  easily  retrace  them  to  suit 
himself,  and  modify  my  results  accordingly. 


Diagram  INio.  1. 
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To  obtain  the  expansion  curve  of  Mariotte,  the  pressure  was  mea- 
sured on  the  diagram  at  A  and  the  calculations  are  made  as  if  the  stroke 
commenced  at  the  line  B ;  the  space  between  that  and  the  commence- 
ment of  the  diagram  being  the  length  of  the  cylinder  which  would  be 
equal  in  capacity  to  the  clearance  between  the  valves  and  the  piston 
at  the  end  of  the  stroke.  It  will  be  observed  that  the  measurement 
of  the  pressure  at  A  for  di  point  d'appui  of  the  expansion  curve  is  exactly 
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^vhat  18  fircctcd  by  ilic  ccjrroctioii  of  tlie  line   traced  by  the   indicator 
shown  by  tbe  dotted  line. 

As  1  have  observed  in  a  recent  publication  that  Rii:(;NAULT's  expo- 
sitions of  the  laws  of  stenni  are  sometimes  misiniderstood,  I  frive  in  the 
fore;j;oin^  table  the  exact  method  ijy  which  Ui:(j;naijlt's  curve  of  ex- 
pansion has  been  found  in  the  two  diagrams  from  the  Saranac  given 
in  the  plate. 

The  temperatures  in  column  c  were  taken  from  the  well  known  table 
of  the  pressures  and  temperatures  of  steam  given  in  all  engineering 
pocket-books.  Where  the  pressures  in  column  b  were  not  found  exactly 
in  the  table,  the  increase  of  temperature  between  the  next  higher  and 
next  lower  tabular  pressure  was  assumed  to  be  proportional  to  the 
increase  of  pressure,  ^vhich  is  not  rigorously  true,  but  is  nearly  so, 
for  the  small  differences  employed.  The  total  heat  required  to  main- 
tain the  pressure,  column  6?,  was  taken  from  Regnault's  tables.  Where 
the  temperature  in  column  c  were  not  found  exactly  in  the  table  the 
diff*erence  was  obtained  betw^een  the  given  and  the  next  lower  tabular 
temperature,  and  this  multiplied  by  0-305  gave  accurately  the  amount 
which  was  required  to  be  added  to  the  tabular  total  heat.  The  increase 
of  pressure  was  obtained  upon  the  rule  of  Kegnault  that  it  was  doubled 
by  the  addition  of  494°  Fahr. 

From  this  table  it  would  appear  that  where  the  heat  of  the  steam 
is  neither  increased  nor  diminished  by  extraneous  influences,  any  ex- 
pansion of  the  steam  causes  it  to  be  superheated  and  not  condensed, 
as  some  have  erroneously  asserted,  basing  their  assertion  upon  the 
laAvs  of  steam  as  given  by  Regnault. 

A  little  reflection  must  also  convince  any  one  not  carried  away  by 
a  kind  of  scientific  fanaticism  that  the  yielding  of  the  piston  in  the 
cylinder  to  the  pressure  upon  it  afl'ects  the  steam  only  by  giving  it  an 
opportunity  to  expand.  What  then  becomes  of  Prof.  Joule's  theory 
that  condensation  is  caused  by  a  rendition  of  power  on  the  part  of  the 
steam  ?  It  is  painful  to  know  that  such  absurd  doctrines  are  advanced 
by  men  of  learning  and  position,  and  that  they  are  proved  to  be  cor- 
rect, and  adopted  into  the  calculations  of  others  equally  learned  and 
high  in  position. 

In  the  subjoined  tables  will  be  found  the  calculations  of  the  diagrams 
from  the  engines  of  the  three  vessels  compared,  tabulated  in  such  a  way 
as  to  enable  any  engineer  to  judge  of  the  correctness  of  the  results  ob- 
tained and  to  insert  his  own  corrections  at  the  proper  point  wherever 
he  may  consider  it  necessary. 

In  obtaining  the  amount  of  steam  condensed  in  the  cylinders  of  the 
Saranac  before  the  point  of  cutting  off",  I  was  necessarily  compelled 
to  assume  that  the  cylinder  remained  constantly  at  the  same  tempera- 
ture during  the  diff'erent  fluctuations  of  the  steam  within  it — as  to  at- 
tempt a  calculation  of  the  amount  of  its  fluctuations  during  the  stroke 
would  be  a  refinement  which  I  consider  is  much  better  left  out  of  all 
investigations  of  this  kind.  If  it  could  be  accurately  known  and  em- 
ployed the  result  of  the  calculation  would  be  a  greater  amount  of  con- 
densation previous  to  cutting  off"  than  has  been  arrived  at  in  the  table. 
Because,  when  the  steam  first  entered  the  cylinder  the  temperature  of 
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the  latter  is  below  the  mean,  but  when  the  ])i.ston  is  at  the  comnienee- 
ment  of  the  }  stroke  wliieb  has  been  taken  for  a  measure  of  the  conden- 
sation, the  metallic  surfaces  with  whieli  the  steam  is  in  contact  has  been 
heated  to  a  temperature  above  the  mean,  and  durinf];  this  \  stroke  its 
temperature  is  still  ii;oin^]:  up,  so  that  tlie  difTerenee  between  the  tem- 
peratures of  the  steam  and  the  surfaces  witli  which  it  is  in  contact  is  not 
so  great  durin*];  the  above  \  stroke  as  between  the  steam  and  the  mean 
temperature  of  the  cylinder  given  in  the  table.  The  condensation  per 
unit  of  surface  and  unit  of  diflerence  in  temperatureis,tljerefore,  greater 
than  that  arrived  at  in  the  table.  At  the  same  time  the  dillerence  be- 
tween the  temperatures  of  the  steam  and  the  surfaces  with  which  it  comes 
in  contact  before  cutting  off'  is  greater  than  between  the  steam  and  the 
mean  temperature  of  the  cylinder,  so  that  this  greater  condensation  per 
unit  should  be  multiplied  by  a  greater  difference  of  temperature  than 
is  given  in  the  table. 

In  calculating  the  condensation  of  the  diff'ercnt  diagrams  the  unit 
in  the  fifth  column  only  was  used. 

One-fourth  only  of  the  stroke  was  used  to  find  the  unit  for  calculat- 
ing the  condensation  and  that  taken  immediately  after  the  starting 
point  of  the  expansion  curve  of  the  diagrams,  because  during  the  latter 
part  of  the  stroke  the  temperature  of  the  steam  gets  below  that  of  the 
cylinder  and  the  condensation  not  only  ceases  but  evaporation  takes 
place,  which  is  not  only  very  reasonable,  but  may  be  observed  in  the 
diagrams  of  the  Saranac  given  in  the  plate,  while  during  the  \  stroke 
made  use  of  the  temperature  of  the  steam  was  always  above  that  of  the 
cylinder. 

The  loss  by  blowing  off"  has  been  taken  at  about  the  average  of  sea- 
going ships  when  the  existence  of  scale  is  ignored,  and  the  same  for 
all.  It  is  put  into  the  account  of  the  engines  because  it  is  an  attach- 
ment of  the  engines  and  not  of  the  boilers  which  prevents  this  loss. 

In  computing  the  number  of  times  the  steam  is  expanded  the  ratio  is 
found  between  the  space  filled  with  steam  at  the  point  of  cutting  off" 
and  the  space  filled  at  the  end  of  the  stroke.  The  steam  really  expands 
as  much  more  than  this  as  there  is  condensation  beyond  the  point  of 
cutting  off".  That  is,  however,  a  kind  of  expansion  that  requires  no 
"precedents"  to  prove  it  unbeneficial. 

In  calculating  the  diagrams  of  the  Valparaiso  and  Callao  I  labored 
under  the  diflficulty  of  not  knowing  the  amount  of  space  in  the  clear- 
ances of  the  piston  and  the  steam  passages.  I  estimated  this  amount  for 
the  small  cylinders  to  be  equal  to  3J  inches  in  length  of  cylinder  for 
the  upper  end  and  4  inches  for  the  lower  end.  This  may  appear  large 
until  it  is  remembered  that  these  cylinders  have,  not  only  the  ordinary 
induction  passages,  but  in  addition  there  are  the  peculiar  eduction  pas- 
sages to  the  large  cylinders,  within  which,  as  in  a  steam  chest,  are  the 
slide  valves  of  the  large  cylinders.  With  regard  to  the  clearances  in 
the  large  cylinders  I  was  guided  entirely  by  the  amount  which  the 
pressure  of  the  steam  fell  at  the  end  of  the  stroke  of  the  small  piston 
and  the  commencement  of  the  stroke  of  the  large  piston,  as  shown  by 
the  diagrams  accounting  the  spaces  filled  to  be  inversely  as  the  pres- 
sures indicated. 
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Civil  Engineering, 


Tlio  clearances  of  the  Saranac  are  equal  to  G  inches  length  of  cylin- 
der at  tlic  upper  end  and  G-8  inches  at  the  lower  end. 

In  obtaining  tlie  weiglit  of  tlu;  water  evaporated  from  the  diagrams 
of  the  I'd/pd/uiiso  and  Cdllao  1  have  treated  it  as  though  saturated 
steam  was  used ;  this  gives  a  slight  excess  of  the  true  amount  of  even 
that  which  would  1)0  evaporated  hy  the  heat  contained  in  it,  but  the 
error  is  very  small,  and  eouhl  not  be  corrected  because  the  exact  amount 
which  the  steam  was  superheated  at  the  time  the  diagrams  were  taken 
is  not  noted  on  them,  and  I  am  informed  that  it  varies  considerably 
at  different  times. 

It  is  estimated  by  English  engineers  familiar  with  the  steam  jacket, 
that  five  per  cent,  of  the  steam  raised  in  the  boiler  is  condensed  in  the 
jacket.  This  amount  appears  rather  small  when  the  great  number  of 
expansions  are  considered,  but  it  must  not  be  forgotten  that  the  steam 
is  superheated  both  when  entering  the  cylinder  and  the  jacket.  Mr. 
Jameson  was  intending  to  ascertain  by  direct  experiment  how  much 
was  thus  condensed,  but  when  I  left  the  Pacific  it  had  not  yet  been 
done.  The  bottoms  of  the  large  cylinders  and  all  cylinder  covers  being 
the  only  steam  jackets  around  the  cylinders  of  the  Valijaraiso  amount 
to  38*8  per  cent,  of  their  whole  surface,  and  5  per  cent,  of  this  is  (38'8 
x-05  =  )  1-94  per  cent. 

Collecting  the  data  contained  in  the  foregoing  we  have  the  follow- 
ing results  and  comparisons  between  the  engines  per  se,  the  boilers 
per  se,  and  of  them  both  combined. 


Actual  Performances. 

Mean  be- 

tween Val- 

Saranac. 

Valparaiso. 

Callao. 

paraiso  and 
Callao. 

Pounds  of  steam  required  per  hour  per  H.  p., 

26.767 

19-735 

20-25 

19-993 

Pounds  of  water  evaporated  per  lb.  of  coal, 

7.165 

5-575 

6-631 

6-103 

♦'                          "          per  lb.  of  com- 

bustible, 

9070 

6  597 

7-807 

7-202 

Pounds  of  coal  required  per  hour  per  h.  p., 

3-735 

3-540 

3-054 

3-297 

"        combustible           "             " 

2-911 

3010 

2596 

2-803 

Relative  Perf 

aRMANCES. 

Ratio  of  power  obtained  per  unit  of  water 

evaporated, 

I'OOO 

1-356 

1-321 

1-338 

Ratio  of  water  evaporated  per  unit  of  coal 

consumed,     . 

1-000 

0-77S 

0-922 

0-850 

Ratio  of  water  evaporated  per  unit  of  com- 

bustible consumed, 

1-000 

0-728 

0-860 

0-793 

Ratio  of  power  obtained  per  unit  of  coal 

consumed, 

1-000 

1-055 

1-223 

M39 

Ratio  of  power  obtained  per  unit  of  com- 

bustible consumed, 

1-000 

0-967 

1-121 

1-044 

From  this  exhibit  it  would  appear  that  there  is  no  doubt  about  the 
superiority  of  the  engines  of  the  Valparaiso  and  Callao  over  those  of 
the  Saranac,  but  in  comparing  the  two  sister  vessels  together  we  get 
the  best  results  from  the  engines  which  are  only  partially  steam  jack- 
eted, but  it  is  evident  from  the  appearance  of  the  diagram  from  the 
top  end  of  the  cylinder  ( Valparaiso  No.  1)  that  the  induction  valve 
leaked,  and  the  evaporation  given  in  the  tables  is  therefore  deficient  to 
the  extent  of  the  leak. 
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As  tlio  same  cojils  were  used  in  both  vessels  the  true  evaporation 
per  pouinl  of  coal  is  very  jirolcibly  nearly  the  same. 

Tiie  ratio  ot*  excellence  of  the  en</ines  of  the  two  vessels,  as  per  the 
above  table,  stands: 

]\ilparai80  I'OOO;   CalJao  0-074. 

But  if  the  same  amount  of  water  is  really  evaporated  b}-  the  boilers 
of  each,  the  ratios  would  stand: 

Valparaiso  1-000  ;   Callao  l-lo4. 

They  would  then  compare  with  the  Saranac  as  follows  : 
SaranneVmO',    Valparaiso  Wi^  ;   Callao  V '^'21. 

It  is  evident  from  the  tables  that  a  much  greater  economy  could  be 
obtained  from  these  engines  by  simply  increasing  the  pressure,  so  that 
the  per  cent,  of  loss  by  the  back  pressure  in  the  large  cylinder  would 
be  reduced.  In  the  Valparaiso  tliis  is  now  41)-1  and  in  the  Callao 
38-G.  To  double  the  pressure  would  reduce  this  loss  one-half.  This 
could  be  done  without  much  increasing  the  pressure  in  the  boilers  by 
permitting  the  steam  to  follow  the  small  piston  farther.  It  will  be 
observed  that  the  horses  power  of  the  small  cylinders  is  the  greatest 
in  each  case ;  if,  therefore,  they  were  to  follow  the  small  piston  far 
enough  to  make  the  power  of  the  large  piston  a  little  the  greatest  it 
would  of  itself  reduce  the  above  loss  considerably,  while  the  loss  by 
the  diminished  number  of  times  the  steam  would  be  expanded,  would 
be  comparatively  very  small. 


Report  of  the  Committee  on  Gas  Works,  presented  to  the  Select  and 
Common  Councils  of  the  City  of  Philadelphia^  April  19,  18G0. 

To  the  Select  and  Common  Councils  of  the  City  of  Philadelphia. 

The  Committee  on  Gas  Works,  to  whom  were  referred  the  followins 
resolutions,  viz  : 

'"''Resolved^  By  the  Select  and  Common  Councils  of  the  City  of  Phi- 
ladelphia, that  the  Committee  on  Gas  Works  be  instructed  to  inquire 
and  report  whether  the  manufacture  of  gas  from  any  materials  other 
than  those  now  in  use  at  the  Philadelphia  Gas  Works,  is  practicable ; 
and  if  so,  whether  such  gas  can  be  manufactured  at  a  cheaper  rate 
than  is  now  charged,  and  if  so,  at  what  rate  ;  and  whether  such  gas 
gi^^es  an  equal  or  greater  degree  of  light  than  that  manufactured  from 
coal ;  and  if  thought  practicable,  what  cost  will  be  incurred  in  change 
of  apparatus,  &c.,  and  any  other  information  relative  to  the  subject, 
which  they  may  deem  important. 

^'Resolved,  That  they  be  further  instructed  to  inquire  and  report 
from  what  cause  (if  it  can  be  ascertained,)  the  bills  of  consumers  of 
gas  have  been,  of  late,  so  largely  increased  ;  whether  from  defective 
meters,  or  from  inferior  quality  of  gas  furnished,  or  from  other  causes. 

^'Resolvedy  That  the  Committee  be  instructed  to  report  at  as  early 
a  day  as  convenient." 

Respectfully  report — That,  in  reference  to  the  first  resolution,  the 
Committee  are  not,  as  yet,  prepared  to  report. 
Vol.  XL.— Third  Series. — No.  1.— July,  1860.  2 
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In  pursuance  of  tlic  second  resolution,  directin;^  inquiry  into  the 
cause  of  the  recent  increase  in  tlie  amount  of  gas  hills,  it  seemed  right 
for  the  Committee  first  to  ascertain  whether  the  increase  referred  to, 
had  any  existence,  in  fact. 

For  this  puipose,  a  statement  lias  heen  compiled  from  the  Bill 
Books  of  tlic  Gas  OfHces,  exhihiting  all  the  bills  issued  in  the  months 
of  December,  January,  and  February,  during  four  successive  years, 
to  all  consumers,  who,  for  that  time,  have  continued  to  use  gas  in  the 
same  premises,  in  the  wards  comprising  the  old  city  proper,  Moya- 
mensing.  Spring  Garden,  Penn  Township,  and  West  Pliiladelj)hia. 

This  statement  comprises  the  bills  of  11,114  consumers,  to  whom 
more  than  44,000  bills  were  issued  during  the  four  winters. 

It  appears  that  the  bills  of  8259  of  the  consumers,  or  not  quite  one- 
third,  are  higher  in  the  last  winter  than  in  those  of  the  three  previous 
years,  and  tlie  bills  of  7855,  or  rather  more  than  two-thirds,  are  not 
higher  than  those  for  previous  years. 

The  aggregate  amount  of  all  the  bills  to  these  consumers,  in  the 
winter  of 

1856-57  was  $138,177-70 

1857-58  "  125,762-24 

1858-59  "  137,923-36 

1859-60  "  141,368-54 

the  increase  of  1859-60,  over  1856-57,  being  ?3190-84,  or  about  2i 
per  cent. 

The  reports  of  the  Inspectors  of  fittings  show  that  in  the  interval 
between  1856  and  1859,  the  number  of  additional  lights,  put  on  by 
the  consumers  included  in  the  foregoing  statements,  is  8300,  or  about 
6  per  cent,  increase  of  lights,  if  these  customers  are  supposed  to  have 
in  use  the  average  number  of  lights,  which  is  shown  by  the  published 
reports  to  be  twelve  to  each  consumer. 

From  this  it  appears,  that  the  amount  of  gas  used  has  not  increased 
as  much  as  the  number  of  lights  in  use;  and  a  similar  result  is  exhi- 
bited by  comparing  the  whole  quantity  of  gas  sold  in  the  year  with 
the  whole  number  of  lights  in  use  at  the  beginning  of  the  year.  For 
example,  the  number  of  lights  reported  to  Councils,  as  in  use  in  Jan- 
uary, 1856,  was  300,406,  and  the  cubic  feet  of  gas  sold  in  that  year 
was  415,888,950,  being  1384  feet  to  each  light.  The  lights  reported 
in  use  in  January,  1859,  was  378,462,  and  the  cubic  feet  of  gas  sold 
in  that  year  was  494,128,345,  being  1305  feet  to  each  light,  or  5J  per 
cent,  less  than  before. 

These  comparisons  have  been  carried  back  so  as  to  include  four 
years  in  order  to  avoid  the  erroneous  conclusions  which  would  result 
from  taking  only  the  past  two  years,  which  included  a  period  of  com- 
mercial depression,  the  effects  of  which  are  very  marked  upon  the 
consumption  of  gas  by  certain  classes  of  consumers  ;  among  whom  the 
various  manufacturers  present  very  conspicuous  examples ;  while 
among  other  classes  not  thus  affected  by  business,  the  quantity  of  gas 
consumed  has  been  curiously  regular,  sometimes  the  bills  for  thi'ee 
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or  four  s\iccrPsivo  winters  not  inatoriMlly  varvin;^  in  nmount,  njid  in 
thousands  of  instances  not  dinVrin^  so  much  as  (inc  (hilhir  lor  several 
years.  Tlie  aggregate  amount  of  the  bills  for  the  |)eriodsof  commer- 
cial distress,  and  also  the  averafje  consumption  per  li^ht  in  use,  are 
shown  to  be  diminished  in  a  remiirkahU*  degree,  and  gives  strong  con- 
iiruKition  to  the  other  proofs  eliciteil  by  this  laborious  investigation, 
of  the  eiirefulness  and  accuracy  with  which  the  books  and  accounts  of 
the  City  CJas  Trust  are  kept. 

The  table  of  annual  consumption  per  light,  com])iled  from  the  pub- 
lished rej)orts  to  Councils,  shows  the  average  amount  of  gas  used  per 
light  to  be  less  in  1850  than  in  any  other  of  the  eighteen  years  elapsed 
since  the  City  has  owned  the  Gas  Works,  except  1857  and  1858,  when 
the  consum})tion  was  so  much  reduced  by  the  suspension  of  business. 

In  addition  to  the  statements  exhibitinix  the  foreizoiiifr  facts,  rela- 
ting  only  to  consumers  who  have  been  supplied  during  four  successive 
years,  two  others  have  been  pre])ared,  embracing  all  those  consumers 
who  have  used  gas  during  the  last  two  winters,  in  Southwark  and 
Kensington. 

These  comprise  two  bills  for  each  of  3408  consumers,  amounting  to 
6816  bills,  and  make  an  aggregate  of  more  than  50,000  bills,  whose 
amounts,  making  a  total  of  §543,231*84,  have  been  examined  and 
compared  in  this  investigation. 

In  the  first  named  district  the  gas  was  derived  from  the  City  Works 
during  both  winters ;  but  in  the  former  season,  received  only  an  in- 
adequate supply,  in  consequence  of  the  imperfect  communication  be- 
tween the  local  main  of  the  Southwark  Gas  Company,  and  those  of  the 
City,  from  which  the  supply  was  drawn ;  which  defects  were  removed 
in  the  summer  of  1850. 

The  aggregate  of  the  bills  here,  on  the  1st  of  March,  1850,  was 
§10,652*70,  and  in  March,  1860,  was  §11,683*24,  the  increase  being 
§1030*45,  or  not  quite  10  per  cent. 

In  Kensington,  the  bills  rendered  by  the  Northern  Liberties  Gas 
Company,  on  the  first  of  April,  1850,  amounted  to  §12,573*42 ;  and 
those  by  the  City  Gas  Works,  to  the  same  consumers  for  the  corres- 
ponding period  in  1860,  amount  to  §10,224*74,  the  former  amount 
being  greater  by  §2348*68,  or  22  per  cent,  over  the  latter. 

Part  of  this  gain  to  the  people  of  Kensington,  results  from  the  lower 
price  now  paid  per  one  thousand  cubic  feet;  but  the  books  show  that 
nearly  one-half  of  it  is  in  the  saving  of  gas  consumed,  which  is  nearly 
10  per  cent,  less  since  their  supply  from  the  City  Works.  It  is  proper 
to  remark,  in  this  connexion,  that  the  saving  to  the  City  of  cost  of 
gas  for  public  lighting,  by  the  purchase  of  the  Kensington  Gas  Works, 
is  about  §5000  a  year ;  while  the  quantity  of  light  in  the  streets  is 
generally  greater  since  the  change  in  the  source  of  the  supply. 

In  Southwark,  out  of  1618  bills  rendered,  1020  were  larger  in  1860, 
than  in  1850,  and  580  were  not  larger. 

In  Kensington,  out  of  1700  bills  rendered,  378  bills  were  larger  in 
1860,  than  in  1850,  and  1412  were  not  larger. 

The  unavoidable  conclusion  to  which  the  Committee  has  arrived, 
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after  a  carofiil  consideration  of  the  foregoing  facts,  is  that  there  has 
l)een  no  general  increase  in  the  junount  of  gas  bills,  nor  any  local  in- 
crease tliat  is  not  evidently  tlie  result  of  an  increased  facility  of  sup- 
ply ;  and  moreover,  tliat  an  examination  ol'  the  accounts  of  the  many 
thousands  of  gas  consumers  ke])t  in  the  offices  of  the  City  gas  trust 
■will  satisfy  every  unbiased  mind  as  to  the  regularity  and  reliability  of 
the  records  of  consumption  given  by  the  instruments  used  for  the 
measurement  of  gas. 

The  voluminous  statements  compiled  from  the  bill  books  for  the  use 
of  the  Committee  are  l<e])t  open  to  the  inspection  of  any  member  of 
Councils,  and  indeed  of  any  citizen,  who  may  desire  to  examine  them, 
and  thus  form  his  own  judgment  as  to  the  accuracy  of  the  statistics 
that  have  been  derived  from  their  critical  analysis. 

AVm.  Rotcii  Wister,^    ri        u*       f  Charles  T.  Jones, 
^^  iLSON  Kerr,  I  J  vv  31.  Bradford, 

J.  E.  Eldridge,  {  ^   /^-Jlr    1    1  0.  II.  P.  Parker, 


George  Head, 

Philadelphia,  April  19th,  1860. 


Stephen  Benton, 


recapitulation. 

CITY. 

First  Section.  North  of  the  North  Side  of  Market  Street,  from  Delaware  to  Schuylkill, 
due  February  1, 

1857  1858  1859  1860 

$34,1 15-70  $30,262-73  $34,286-45  $34,516-75 

Second  Section.    From  North  Side  of  Market  Street  to  South  Side  of  Walnut  Street 
(inclusive^  from  Delaware  to  Schuylkill  Elvers,  due  December  1, 

1856  1857  1858  1859 
§29,554-60                $26,319-92                $28,617-36                 $30,253  20 

Third  Section.  South  of  the  South  Side  of  Walnut  Street  to  South^Street  (inclusive) 
from  Delaware  to  Schuylkill  Rivers,  due  January  1, 

1857  1858  1859  1860 
$31,306-77               $29,674-85               $32,487-00                $32,040-10 

Monthlies.    From  Vine  Street  to  South  Street  (inclusive^  from  Delaware  to  Schuyl- 
kill Rivers,  due 


1856-7 

1857-8 

1858-9 

1859-60. 

December   1, 
January       1, 
February     1, 

Total, 

§44  83-64 
4438-14 
53S071 

$4107-41 

4882-41 
4245-81 

$4729-48 
4728-81 
4446-30 

$4670-58 
4849-50 
4690  25 

S14.302-49 

$13,235-63 

$13,904  59 

$14,210-33 

SPRING  GARDEN. 

First  Section.     East  of  Twelfth  Street  and  North  of  Vine  Street,  all  Streets  running 
North  and  South,  due  December  1, 

1856  1857  1858  1859 
$5977-56                   $5728-48'                  $8131-75                   $671195 

Second  Section.     East  of  Twelfth  Street,  and  North  of  Vine  Street,  all  Streets  run- 
ning East  and  West,  due  January  1, 

1857  1858  1859  1860 
$6916  86                   $6532-86                     $7113-91                   $7378-35 


Ticport  oji  the  Phihidi'liiliia  <ins   M'^orlcs. 
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Tl\inl    S,«ction.      West    oi  '[\\v\M\   Sirrcl,    nil   Sln'ctn    A'ortli    of    Vino    Street,    due 
Kolnu.u  Y   I  f 

IS:»7  1858  1859  IROO 

!5ts5.-)l-ll  $09()3-45  $'^:i()0-7r)  $S1)29-5I 

Monthlies.     IS'orlh  of  \'ino  t^troct,  f.on  Sixth  Stn'cl,  «St  •.,  to  Schuylkill  Iliver,  duo 


1860-7        1        l«67-8        j        1858-9 

185U-0U 

l)e(-('ml>er    1, 
Jaiuiary        1, 
Fobiuary     1, 

Total. 

{J<503-97 
0/.')-01 
552-35 

!>•  174-73 
05.1-32 
559-30 

$517-26 
013-35 
507-21 

$551-25 
019-^3 
004-17 

$1731-36 

.i<  1 688-1 1 

."i^  1697-82       1  $1775  15 

MUYAMENSING. 


Due,  Dec.  1st, 

1857 

$1251-89 


1 858 
$4036-33 


1S59 
$3970-95 


1860 
$4104-00 


WEST  PHILADELPHIA. 


1                 Due. 

1857                     1858 

1859 

1860 

J  a  unary     1, 
February  1, 

Total, 

$919-33 
540-73 

$879-80 
503-73 

$872-82 
539-95 

$901-82 
517-38 

140000 

1383-53 

1412-77 

1449-20 

$138,177-70 

$125,762-24 

$137,923  36 

$141,368-54 

Grand  Total,              .               $543,231-84 

KENSINGTON. 

Due,  April  1st, 
1800  1859 


1860 


1859 

$12,573-42  10.224-74  cubic  feet  5,029,370     cubic  feet  4,544,323 

or  about  22  per  cent,  more  in  1859  than  in  1800. 

378  bills  greater  in  1860  than  in  1859. 
1403     "     jess  "  " 

9     '*     identical         "         with      " 


Total, 


1793  Bills. 

SOUTHWARK. 

Due,  iMarch  1st, 

1859  1860 

$10,052-79  $11,683-24 

1029  bills  greater  in  1860  than  in  1859. 

473    "     jess  "  " 

116    "     identical         **         with     ** 


Total,  1618  Bills. 

SUMMARY. 

Showing  the  proportion  of  bills  in  the  last  winter,  that  are  greater,  or  less,  or  identi- 
cal with  those  of  {>revious  years. 
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rs'umbrr  of  instances  of  Identical  Bills  in  the  lour  years. 


2  Uilla. 

:)  HiIIh. 

4  BilU. 

Olil  City  Proper, 
S[)rinff  Garden, 
Moyaniensinj;, 
West  Philadelpliia, 

1559 

822 

169 

45 

88 

55 

9 

5 

:j9 
i:j 

2 

Total,         .         .         1         2595 

157 

97 

Lights  in  use 

Gas  sold 

Cubic 

Year. 

January   Ist. 

during  the  year. 

feet  per  light. 

]  812 

24,996 

49.888,830 

1995 

1843 

28.080 

47.565,751 

1(193 

1844 

31.557 

53,f^31.l56 

1699 

1845 

36.682 

54,076.598 

1746 

1846 

42,558 

74.547,300 

1751 

1847 

50,792 

89.700,993 

1766 

1848 

66.822 

105.663.050 

1581 

1849 

84,'j23 

134,003.850 

1583 

1850 

110,591 

181,267.500 

1639 

1851 

129,027 

195,212,325 

1517 

1852 

143,441 

209,574,250 

1461 

1853 

168,381 

248,120.995 

1473 

1854 

200,848 

279,307,174 

1340 

1855 

222.989 

293,800,915 

1313 

1856 

300.406 

415,888.950 

1384 

1857 

338.592 

432,052,884 

1276 

1858 

357,729 

444,631,979 

1242 

1859 

373,462 

494,128,345 

'              1305 

On  the  Efficiency  of  various  hinds  of  Railwaij  BraJces  ;  with  Expe- 
rimental Researches  on  their  Retarding  Powers."^  By  Mr.  W.  Fair- 
EAIRN,  M.  Inst.  C.  E. 

The  present  communication  was  based  upon  an  inquiry  which  arose 
out  of  a  report  prepared  by  Col.  Yolland,  R.  E.,  for  the  Railway  De- 
partment of  the  Board  of  Trade.  That  report  gave  the  results  of  a 
large  number  of  experiments,  with  heavy  trains  at  high  velocities, 
made  with  the  steam  brake  of  Mr.  McConnell,  the  continuous  brake 
of  Mr.  Fay,  the  continuous  and  self-acting  brake  of  Mr.  Newall,  and 
the  self-acting  brake  of  M.  Guerin.  The  conclusions  arrived  at  being 
favorable  to  the  brake  of  Mr.  Newall,  as  well  as,  partially,  to  that  of 
M.  Guerin,  for  some  descriptions  of  heavy  traffic,  Mr.  Fay  made  ap- 
plication to  the  directors  of  the  Lancashire  and  Yorkshire  Railway, 
for  a  further  investigation  of  the  subject.  This  permission  was  grant- 
ed, and  the  author  agreed  to  arrange  the  conditions  of  the  trial,  and 
to  superintend  the  experiments. 

*I'rom  Newton's  London  Journal;  May,  1860. 
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Tlic  objects  tlie  autlior  lind  in  viow  wore — first,  to  ascertain  tlic  re- 
spective retarding  j)ower  oi'  each  of  tlu;  competitive  brakes;  and,  se- 
condly, to  obtain  some  data  in  regard  to  tlie  rapidity  with  which  a 
train,  with  an  engine  and  tender  attached,  couhl  be  brought  to  a  stand, 
wlien  traveling  at  a  high  rate  of  speed  ;  so  as  to  determine  the  value 
of  the  ct)ntinuoiis  nnd  self-acting  brakes,  as  compared  with  those  or- 
dinarily in  use,  and  with  otliers  recently  introduced.  To  cjiablc  this 
comparison  to  be  made,  the  experiments  were  reduced  to  a  connnon 
standard,  by  means  of  a  few  dynamical  laws,  which  were  explained. 

It  was  stated  that,  in  the  increase  of  the  bi'aking  power  of  trains, 
tlie  i)rinciples  hitherto  most  successfully  emj)loyed,  had  been, — first, 
the  nse  of  steam  acting  direct  on  the  brakes  ;  second,  the  connexion 
of  several  of  the  ordinary  form  of  brakes,  so  as  to  have  them  under 
the  control  of  a  single  brakesman  ;  and,  third,  the  introduction  of 
braking  apparatus  connected  with  the  buflers,  so  as  to  mtike  the  mo- 
mentum of  the  train  itself  available  in  generating  a  retarding  force. 

A  description  was  then  given  of  the  diflerent  brakes  before  alluded 
to  as  having  been  experimented  upon  by  Colonel  Yolland.  It  was 
mentioned,  that  Mr.  Newall  claimed  the  earlier  application  of  a  com- 
bination of  brakes,  acted  upon  by  one  guard  through  a  longitudinal 
shaft;  and  that  Mr.  Fay  had  adopted  the  same  principle,  with  very 
slight  modification,  either  in  form  or  in  construction. 

The  mode  of  carrying  out  the  experiments  with  Mr.  Newall's  and 
Mr.  Fay's  continuous  brakes  was  then  detailed,  and  the  results  ob- 
tained were  recorded  in  seven  tables,  one  for  each  set  of  trials.  As, 
in  the  reductions,  the  value  of  the  retarding  force  of  the  brakes  was 
found  in  terms  of  the  co-efficient  of  friction  of  the  rubbino:  surfaces, 
the  efficiency  of  the  brake  varied  with  the  condition  of  the  Aveather. 
Thus,  the  mean  of  the  Oldham  experiments  gave  a  retarding  force  of 
1*7987  feet  per  second;  the  mean  of  the  first  experiments  at  South- 
port  4*2978,  and  of  the  second  3*3245.  On  each  day  the  experiments 
■were  consistent  with  one  another,  but  they  varied  greatly,  on  diflerent 
days,  from  the  change  in  the  condition  of  the  rubbing  surfaces.  At 
Oldham,  the  experiments  were  made  with  the  rails  in  a  greasy  con- 
dition from  fog ;  at  Southport,  in  the  first  trial  (Table  2),  with  the 
rails  dry,  and  in  the  best  state  for  braking,  and  in  the  second  (Table 
3),  with  the  rails  slightl}^  wet.  These  results  were  in  accordance  with 
the  experiments  of  Morin,  on  the  friction  of  iron  on  iron,  from  which 
it  was  found  that  the  co-efficient  of  friction  varied  from  0*05  to  0*3, 
according  as  the  surfaces  were  greasy,  wet,  or  dry.  The  remaining 
experiments  were  all  made  under  the  most  uniform  and  favorable  con- 
ditions. They  wxre,  therefore,  grouped  together  under  the  following 
Leads : — 

1.  On  the  friction  of  the  carriages  (Table  4). 

2.  AVith  slide  brakes,  and  the  engine  detached  (Table  5). 

3.  With  flap  brakes,  and  the  engine  detached  (Table  6). 

4.  With  the  engine  attached  to  the  train  (Table  7). 

The  following  table  gave  a  brief  summary  of  all  the  experiments 
except  those  on  the  friction  of  the  carriages,  w^iich  was  found  to 
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amount  to  1  l'r)27  1))S.  por  ton  wci^^lit  of  truin  in  Mi*.  Fiiy's  case,  and 
to  7'()-7  ll)«.  i)cr  ton  in  tliut  of  Mr.  Newall : — 


SSo.  ul  bx 

|)(-rillM:illrt.           , 

Avefiiye  eiricieiuy  <»f   bnike. 

Mr.  Fi.y. 

Mr.  Ncwiill. 

Mr.  Tay.         Mr.  Nnwall. 

01(lli;>iii  Incline, 
8outli|iort     *• 

'I'ul) 
<< 

e  1, 
2, 
3, 

7 
f) 

1 

7              1 

I 

1 

1  -8538 
3-6256 
3-2329 

1-7136 
4-9  700 
3-4101 

it              (( 

u                       «< 

II 

5, 

6, 
7. 

8 
3 
3 

8 
3 
3 

6  7030 
5H718 
3  093i 

5-4984 
6-3272 
3-0250 

The  general  average  from  tliis  table  gave,  for  the  efficiency  of  Mr. 
Fay's  brake,  4*0Go4,  and  for  Mr.  Newall's,  4-1G50,  showing  a  slight 
superiority  in  favor  of  the  latter.  The  following  conclusions  seemed 
to  be  borne  out  by  the  experiments  : — 1.  That  with  slide  brakes,  the 
greater  number  of  experiments  gave  a  manifest  superiority  to  Mr. 
Fay.  2.  That  with  flap  brakes,  there  was  a  decided  advantage  on  the 
side  of  Mr.  Newall.  8.  That  when  the  train  was  braked,  with  the 
engine  attached,  the  results  were  uniform,  neither  gaining  any  decided 
superiority. 

Colonel  Yolland's  experiments  were  then  tabulated,  and  reduced  in 
the  same  manner  as  the  author's,  so  as  to  admit  of  comparison  with 
them.  The  results  thus  arrived  at,  in  reference  to  two  of  the  systems, 
were  exhibited  in  the  annexed  summary  : — 


Engine  Detached, 


Engine  Attached, 


Mr  Newall. 

Mr.  Fay. 

Remarks. 

3-55 IG 

3-9345 

Dry. 

3-017 

3-255 

Wet. 

4  671 

^ 

5  146 

c    

Mean  4-774. 

4505 

) 

The  final  reduction  of  the  retarding  force,  to  units  of  weight  of  the 
brake  carriages,  was  given  in  the  following  general  summary : — 


Brake. 

Weather. 

Experimenters. 

Katio  uf  Weight  on  the 

Brakes  to  tlie  Retarding 

Force  geneiated  by  them,  or 

the  Mean  Co-efticieut  for 

each  Brake. 

Mr.  JSewall's, 

Dry. 

1 

From  0-1.544  to  0-1965 

Mr.  Fay's,      . 

Wet. 
Dry. 

1 
}-Fairbairn. 

0-0542 
From  0-1126  to  0-2082 

Ik 

Wet. 

J 

0  0576 

Mr.  Newall's, 
Mr.  Fay's, 
Mr.  Ingram's, 

Dry. 
Dry. 
Wet. 

I  Yolland. 

From  0-1116 
0-1020 
0  1075 

M.  Guerin's, 

Dry. 

001048 

Mr.  McConnell's, 

028325 

Showing  that  the  retarding  force  varied  from  the  one-hundredth  to 
five-eighteenths  of  the  weight  of  the  carriages  to  which  brakes  were 
applied,  and  was  ordinarily  from  one-tenth  to  one-fifth. — Froc,  Inst, 
Civ,  Eng,  April  17,  1860. 
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On  Platinum  and  its  associated  MctaJs."*^  ]5y  MM.  Devillk 

and  II.  Dehkay. 

The  Annah's  de  Cliimie  ct  de  J^Iif/sitjue  for  Au^nist  last  contains  a 
vcrv  elaborate  article  by  the  above  chemists  on  the  subject  of  platinum 
and  the  metals  uliich  accompany  it.  The  results  at  >vhich  tlicy  have 
arrived  are  so  important,  and  they  arc  moreover  of  such  interest,  that 
"\ve  are  induced  to  lay  before  our  readers  a  few  of  the  principal  facts 
contained  in  their  memoir. 

The  metallurgy  of  platinum  is  altogether  a  modern  art,  the  intro- 
duction of  the  metal  into  the  laboratories  of  science  and  industry  dating 
but  from  a  few  years  back  ;  and  although  jiarticularly  deserving  the 
attention  of  the  chemist,  the  mctallurg}-  of  platinum  and  its  congeners 
is,  in  general,  but  little  known.  Except  for  chemical  purposes,  pla- 
tinum has  not  hitherto  received  any  important  application ;  but  when 
we  know  better  where  to  look  for  its  ores,  and  when  the  deposits  al- 
ready known  are  more  extensively  worked,  the  ores  of  platinum  will, 
perhaps,  become  no  rarer  than  gold ;  and  as  the  metal  is  almost  inde- 
structible, and  as  its  value  protects  it  from  losses  and  accidents  of  all 
kinds,  it  must  in  time  accumulate  and  thus  become  more  plentiful.  It 
may  then  perhaps  be  applied  to  other  useful  purposes  in  wliich  its  weight 
and  slightly  tarnished  color  will  be  no  objection,  or  for  which  its  abso- 
lute unalterability  will  give  it  a  peculiar  value.  The  solution  of  these 
questions,  however,  depends  on  the  price  for  which  the  metal  can  be 
supplied ;  and  the  chemist  is  particularly  interested  in  seeing  its  cost 
so  far  reduced  that  the  large  vessels  of  the  laboratory  may  be  made  of 
platinum.  It  was  in  the  hope  of  facilitating  a  progress  of  this  kind, 
that  MM.  Deville  and  Debray  undertook  the  difficult  researches  the 
results  of  which  are  given  in  the  above-mentioned  memoir,  a  work  which 
has  cost  them  more  than  four  years  of  labor. 

Until  the  first  communications  of  M.  Deville  were  published,  no  one 
dreamt  of  utilizing  all  the  metals  found  with  platinum,  and  with  the 
exception  of  palladium  and  osmium,  which  there  was  always  a  motive 
for  separating,  platinum  alone  has  been  extracted  from  the  ores,  leaving 
a  residue  which  has  accumulated  in  all  the  manufactories  in  Europe  as 
well  as  in  the  Russian  Mint. 

The  processes  described  are  exclusively  by  the  dry  way,  and  by  fusion 
at  a  very  high  temperature.  They  are  given  in  different  chapters, 
which  treat  of  "the  revivification  of  pure  platinum,"  "the  metallurgy 
of  pure  platinum,"  ''the  extraction  from  the  rough  ore  of  a  triple  alloy 
of  platinum,  rhodium,  and  iridium  of  a  suitable  and  invariable  compo- 
sition;" and  lastly,  the  extraction,  whether  from  the  residues  or  from 
the  osmide  of  iridium,  of  the  utilizable  metals,  platinum,  palladium, 
rhodium,  and  iridium. 

We  give  first,  the  methods  practised  for  obtaining  pure  platinum, 
reserving  for  a  future  occasion  the  interesting  accounts  of  the  indivi- 
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dual  metals,  and  the  methods  for  assaying  the  rough  ores,  metals,  and 
residues. 

In  commerce,  platinum  is  found  "which  is  almost  free  from  iridium, 
but  which  still  contains  traces  of  osmium  and  a  little  silicium.  MM. 
Deville  and  Debray  have  discovered  that  fusion  in  lime  by  means  of 
an  oxidizing  llanie,  rcfiiu'S  it  perfectly,  osmic  acid  being  disengaged, 
and  tlie  silicium  becoming  converted  into  silicate  of  lime,  which  melts 
into  a  colorless  bead,  and  moves  rapidly  about  on  the  surface  of  the 
metal  until  it  reaches  the  edge,  where  it  is  absorbed  by  the  sides  of 
the  furnace.  Platinum  so  melted  and  refined  is  a  metal  as  soft  as  cop- 
per; it  is  whiter  than  ordinary  platinum,  and  does  not  possess  the 
porosity  which  has  hitherto  been  an  obstacle  to  the  manufacture  of  an 
impermeable  platinum  sheath. 

Melted  platinum  still  possesses  the  property  of  condensing  gases  at 
its  surface,  and  of  producing  the  phenomenon  of  a  lamp  without  flame. 
Its  density  =21-15 — less  than  the  density  of  ordinary  platinum  which 
has  been  subjected  in  the  working  to  a  powerful  hammering  [d'un 
ecrouissage  extrhnemeiit  energique). 

We  now  proceed  to  describe  the  apparatus  by  means  of  which  pla- 
tinum has  been  melted,  in  quantities  relatively  considerable,  and  run 
into  ingots,  like  a  metal  of  ordinary  fusibility. 

The  fuel  most  often  employed  has  been  common  coal-gas,  but  hydro- 
gen may  be  used,  and  when  pure  will  give  even  a  greater  heat.  The 
combustion  is  fed  by  a  current  of  oxygen.  The  furnace  in  which  the 
fusion  is  made,  is  of  lime  bound  with  iron  wire.  It  is  composed  of 
two  parts  :  1,  The  roof  A  A,  made  of  a  cylindrical  piece  of  lime  slightly 
arched  on  its  lower  surface,  and  pierced  by  a  conical  hole  Q,  through 
which  a  blowpipe  c  E  is  to  pass ;  and,  2,  a  bottom  B,  made  of  another 
piece  of  lime,  hollowed  as  shown  in  the  diagram.  The  hollow  should 
be  scooped  out  so  deep,  that  the  melted  platinum  may  occupy  a  depth 
of  3  or  4  millimetres  or  more.  At  the  anterior  part  D,  a  groove  in- 
clined a  little  towards  the  inside  is  made  with  a  file,  which  is  to  serve 
as  a  hole  for  the  metal  to  run  out  of  and  for  the  flame  to  issue  from. 


,-\-.i  ^\\.>,  i^-- ,  ,\s- 


The  blow-pipe  is  composed  of  a  copper  cylinder  ee,  terminated  at 
its  lower  extremity  by  a  slightly  conical  tube  e'e',  made  of  platinum. 
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A  copper  tube  CC,  hiiviiif];  a  ])latiiunn  nozzle,  enters  the  first  cylinder 
at  its  upper  extremity,  and  is  so  arran«re(l  as  to  allow  the  nozzle  to  be 
slid  u{)  or  down,  and  placed  at  any  height  from  the  luwer  end  of  the 
evlinder  EEe'e',  that  may  be  wished. 

A  stop-cock  II,  is  attachetl  to  the  side  of  tlie  cylinder  E,  bj  mcang 
of  a  tube  as  large  as  the  cylinder  itself.  Another  stop-cock  o,  termi- 
nates the  elbow  of  the  tube  C.  It  is  by  the  stop-cock  ii,  that  the  hy- 
drogen or  coal  gas  passes,  and  the  oxygen  is  introduced  through  the 
stop-cock  0. 

AVhen  the  fusion  is  to  be  made,  the  pieces  of  lime  composing  the 
furnace  are  put  together  in  the  way  represented  in  the  diagram.  Then, 
bolding  the  blow-pipe  in  the  hand,  the  stop-cock  H,  is  opened  so  as  to 
allow  the  passage  of  a  gentle  stream  (^f  gas  which  is  lighted,  and  the 
stop-cock  0,  is  turned  to  admit  the  oxygen  necessary  for  the  combus- 
tion. The  flame  is  in  this  way  plunged  into  the  apparatus  by  the  hole 
Q,  in  such  a  manner  as  to  avoid  an  explosion,  which  might  disturb  the 
pieces  of  lime.  The  body  of  the  furnace  is  now  gradually  heated  ; 
the  quantity  of  the  gases  passing  being  increased  by  degrees  until 
the  maximum  temperature  is  attained.  The  degree  of  heat  may  be 
raised  or  lowered  as  need  be,  by  raising  or  lowering  the  platinum  noz- 
zle which  supplies  the  oxygen.  The  temperature  is  now  lowered,  and 
the  platinum  is  introduced,  by  little  and  little,  througli  the  opening  D. 
When  it  is  in  thin  slips  of  less  than  a  millemetre  in  thickness  there 
is  scarcely  time  to  introduce  them.  They  are  seen  to  melt  and  disap- 
pear almost  at  the  moment  they  enter  the  furnace.  The  oxygen 
should  arrive  at  a  regular  pressure  of  about  four  or  five  centimetres 
of  mercury,  and  ought  to  give  a  rotary  movement  to  the  platinum  so 
as  to  equalize  the  temperature  throughout  the  mass. 

When  it  is  not  wished  to  run  the  metal  into  a  mould,  the  fusion 
being  perfect,  and  the  refining  completed,  which  is  the  case  when  no 
more  vitreous  matter  is  seen  to  form  on  the  surface,  the  two  gases  are 
turned  off  by  degrees,  always  leaving  the  oxygen  in  a  decided  but  very 
slight  excess.  The  mass  now  gradually  solidifies,  and  the  flame  may 
be  completely  extinguished.  A  little  of  the  metal  is  always  thrown 
up  to  the  roof  of  the  furnace,  where  it  may  be  easily  collected  after 
the  operation  is  finished. 

When  the  platinum  is  to  be  cast,  an  ingot  mould  is  prepared  of  thick 
cast  iron,  well  rubbed  with  plumbago,  or  of  coke  or  lime.  The  last 
are  most  easily  made  of  plates  of  the  substance,  sawn,  and  held  to- 
gether by  iron  wire.  The  roof  of  the  furnace  is  taken  off,  the  body 
seized  with  a  pair  of  tongs,  and  the  platinum  is  poured  out,  without 
hurrying,  just  as  we  should  any  other  metal.  The  only  difficulty  which 
occurs,  and  this  a  little  practice  will  enable  the  operator  to  overcome, 
is  to  discern  at  the  same  time  the  dazzling  surface  of  the  metal  and 
open  mouth  of  the  mould,  before  turning  up  the  crucible.  A  larger 
quantity  than  3  or  4  kilogrammes  should  never  be  cast  in  this  way, 
inasmuch  as  there  would  be  great  danger  of  some  part  of  the  apparatus 
giving  way. 

For  greater  quantities,  the  authors   describe  how  a  larger  furnace 
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may  be  made  of  several  pieces  of  lime  bound  firmly  tof^etlier  Avlth  iron; 
an  iM;j;ciiiou.s  and  simple  arran«^c'iiK'iit,  })y  means  of  which  the  metal 
may  be  |)()ured  out  without  takin;^  up  tlie  bottom  part  of  the  apparatus. 
The  reasons  they  give  for  preferring  to  use  lime  in  the  construction  of 
the  funiaee  are  as  follows  : — 

1.  I/nne  is  perliajis  the  worst  conductor  of  heat  known;  so  much 
so,  that  through  a  thickness  of  at  most  2  centimetres  (0*8  inch),  the 
api)aratus  being  full  of  melted  platinum,  the  temperature  of  the  out- 
side is  barely  120°  (Cent.) 

2.  Lime  radiates  licat  most  perfectly.  For  this  reason  it  is  the  best 
material  for  the  sides  of  a  reverberatory  furnace  of  this  kind. 

8.  Lime  acts  on  all  the  impurities  from  which  we  wish  to  free  plati- 
num— iron,  copper,  silicium,  &c.,  changing  them  into  fusible  compounds, 
which  are  absorbed  by  its  porous  substance.  It  acts  like  a  cupel,  the 
material  purifying  the  metal  melted  in  it. 

An  experiment  made  in  the  laboratory  of  the  Ecole  Normale  showed 
that  the  quantity  of  oxygen  required  to  melt  1  kilogramme  (2*2  lbs. 
Avoird.)  of  platinum  was  only  60  litres  (about  13  gallons),  the  cost  of 
which  was  estimated  at  0*4  of  a  franc.  The  cost  of  the  coal  gas  or 
hydrogen  used  was  not  considered  worth  taking  into  account. 

The  process  applied  to  the  revivification  of  old  platinum  gives  excel- 
lent results.  No  foreign  metal  except  iridium  and  rhodium  can  exist  in 
platinum  after  it  has  been  melted  and  refined  in  the  method  described. 
All  the  substances  which  most  easily  attack  platinum,  sulphur,  phos- 
phorus, arsenic,  gold,  soda,  iron,  copper,  palladium,  and  osmium,  are 
separated  either  by  oxydation  and  absorption  by  the  lime  or  by  vola- 
tilization. Gold  and  palladium  escape  in  the  form  of  vapor,  and  may 
be  easily  collected  by  making  the  flame  which  issues  from  the  furnace 
pass  through  an  earthenw^ar.e  tube,  in  which  will  be  deposited  all  the 
volatile  matters  except  the  osmic  acid,  which  may  be  condensed  if  the 
vapor  is  made  to  pass  over  a  vessel  full  of  ammonia.  A  part  of  the 
osmium  is  also  deposited  in  the  tube  in  a  metallic  state. 

The  only  caution  to  be  observed  in  the  process  is  never  to  have  the 
bath  of  metal  of  more  than  4  or  5  centimetres  thickness  without  keeping 
it  in  constant  agitation ;  because  the  platinum  is  too  bad  a  conductor 
to  remain  perfectly  liquid  if  it  is  in  greater  depth ;  and,  therefore, 
there  will  be  a  chance  of  the  refining  not  being  complete,  or  of  the 
perfect  fusion  of  the  mass  not  being  quite  effected. 


Coal  Oil  as  a  preservative  for  Sodium  and  Potassium, 
The  following  statement  is  sent  to  us  by  an  anonymous  correspondent. 

To  the  Editor  of  the  Journal  of  the  Franklin  Institute. 

Coal  oil  is  a  better  article  for  preserving  sodium  and  potassium  than 
naphtha.  In  coal  oil,  sodium  keeps  its  lustre  for  months  or  years ; 
while,  in  the  purest  naphtha,  it  loses  it  in  a  few  days.         • 

Yours,  &c.,  A.  C. 

Philadelphia,  May  22, 1860. 
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A  Course  of  Six  Lectures  (aihipteJ  to  a  Juvenile  AuJitorif),  conniating 
of  J/h()t(r(i(fOiis  of  the  Various  Forces  of  Mutter^  i.e.  of  such  as  are 
called  the  I*hyslcal  or  Jnon/anic  Forces — including/  an  Account  of 
their  llelations  to  each  other*  By  M.  Faraday,  1).  C.L.,  F.  11.  S., 
Fullerian  Professor  of  Cliemistry,  R.  I.,  Foreign  Associate  of  the 
Academy  of  Sciences,  Paris,  kc. 

Lecturi-:  I.  (Dec.  31,  1850.) — The  Force  of  Gravitation. 

It  grieves  me  much  to  think  that  I  may  have  \)(}Qn  a  cause  of  dls- 
turhance  in  your  Cliristmas  arrangements,  for  notliing  is  more  satisfac- 
tory to  my  mind  than  to  perform  that  which  I  undertake  ;  but  such 
things  are  not  always  left  in  our  own  power,  and  we  must  submit  to 
eircumstances  as  they  are  appointed;  I  will  to-day  do  the  best  lean  ; 
I  will  ask  you  to  bear  with  me  if  I  am  unable  to  give  more  than  a  few 
words ;  and  as  a  substitute  I  will  endeavor  to  make  the  illustrations 
of  the  sense  I  try  to  express,  as  full  as  possible  ;  and  if  we  find  by 
tlie  end  of  this  lecture  that  we  may  be  justified  in  continuing  them, 
thinking  that  next  week  our  power  shall  be  greater — why  then,  with 
submission  to  you,  we  will  take  such  course  as  you  may  think  fit; 
either  go  on  or  discontinue  them  ;  and  although  I  now  feel  much 
weakened  by  the  pressure  of  illness  (a  mere  cold)  upon  me,  both  in 
faculty  of  expression  and  clearness  of  thought,  I  shall  here  claim,  as 
I  always  have  done  on  these  occasions,  the  right  of  addressing  my- 
self to  the  younger  members  of  the  audience, — and  for  this  purpose, 
therefore,  unfitted  as  it  ma}^  seem  for  an  elderly  infirm  man  to  do  so, 
I  will  return  to  second  childhood  and  become,  as  it  were,  young  again 
amongst  the  young. 

Let  us  now  consider,  for  a  little  while,  how  wonderfully  we  stand 
upon  this  world.  Here  it  is  we  are  born,  bred,  and  live,  and  yet  we 
view  these  things  with  an  almost  entire  absence  of  wonder  to  ourselves 
respecting  the  way  in  which  all  this  happens.  So  small,  indeed,  is  our 
wonder,  that  we  are  never  taken  by  surprise ;  and  I  do  think,  that,  to 
a  young  person  of  ten,  fifteen,  or  twenty  years  of  age,  perhaps  the  first 
sight  of  a  cataract  or  a  mountain  would  occasion  more  surprise  in  him 
than  he  had  ever  felt  concerning  the  means  of  his  own  existence;  how 
he  came  here;  how  he  lives;  by  what  means  he  stands  upright;  and 
through  what  means  he  moves  about  from  place  to  place.  Hence,  we 
come  into  this  world,  we  live,  and  depart  from  it,  without  our  thoughts 
being  called  specifically  to  consider  how  all  this  takes  place  ;  and  were 
it  not  for  the  exertions  of  some  few  inquiring  minds,  who  have  looked 
into  these  things  and  ascertained  the  very  beautiful  laws  and  con- 
ditions by  which  we  do  live  and  stand  upon  the  earth,  we  should  hardly 
be  aware  that  there  was  any  thing  wonderful  in  it.  These  inquiries, 
which  have  occupied  philosophers  from  the  earliest  days,  when  they 
first  began  to  find  out  the  laws  by  which  we  grow,  and  exist,  and  en- 
joy ourselves,  up  to  the  present  time,  have  shown  us  that  all  this 
was  effected  in  consequence  of  the  existence  of  certain /o?r^s  or  ahili- 
ties  to  do  things,  or  powers^  that  are  so  common  that  nothing  can  be 

*  From  the  Lond.  Chemical  News,  No.  5. 
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commoner;  for  nothing  is  commoner  tliiin  the  wonderful  powers  by 
which  we  arc  enabled  to  stand  u[)right — they  arc  essential  to  our  ex- 
istence every  moment. 

Now,  it  is  my  purpose  to-day  to  make  you  acquainted  with  some  of 
these  powers  ;  not  the  vital  ones,  but  some  of  the  more  elementary, 
and,  what  wc  call,  pJii/nirtil  powers;  and  in  the  outset,  what  cnn  I  do 
to  bring  to  your  minds  a  notion  of  neither  more  nor  less  than  that 
which  1  mean  by  the  word  power  or  force  ?  Suppose  I  were  to  take 
this  sheet  of  paper,  and  were  to  place  it  upright  on  one  edge  resting 
against  a  support  before  mc,  (as  the  roughest  possible  illustration  I  can 
give  of  something  to  be  disturbed),  and  suppose  I  pull  this  piece  of 
string  which  is  attached  to  it.  I  [)ull  the  paper  over.  I  have,  therefore, 
brought  into  use  a  fower  of  doing  so — the  power  of  my  hand  carried  on 
through  this  string  in  a  way  which  is  very  remarkable  when  wc  come 
to  analyze  it ;  and  it  is  by  means  of  these  powers  conjoined  together  (for 
there  are  several  powers  here  employed)  that  I  pull  the  paper  over. 
Again,  if  I  give  it  a  push  upon  the  other  side,  I  bring  into  play  a  power ^ 
but  a  very  different  exertion  of  power  from  the  former ;  or,  if  1  take 
now  this  bit  of  shellac  [a  stick  of  shellac  about  12  inches  long  and  1^-  in 
diameter]  and  rub  it  with  flannel,  and  hold  it  an  inch  or  so  in  front  of 
the  upper  part  of  this  upright  sheet,  the  paper  is  immediately  moved  to- 
wards the  shellac,  and  by  now  drawing  the  latter  away,  the  paper  falls 
over  without  having  been  touched  by  anything.  You  see — in  the  first 
illustration  I  produced  an  effect  than  which  nothing  could  be  commoner 
— I  pull  it  over  now,  not  by  means  of  that  string  or  the  pull  of  my  hand, 
but  by  some  action  in  this  shellac.  The  shellac,  therefore,  has  a  power 
with  which  it  acts  upon  the  sheet  of  paper ;  and  as  an  illustration  of 
the  exercise  of  another  kind  of  power,  I  might  use  gunpowder  with 
which  to  throw  it  over. 

Now,  I  want  you  to  endeavor  to  comprehend  that  when  I  am  speak- 
ing of  di^  poiver  or  force,  I  am  speaking  of  that  which  I  used  just  now 
to  pull  over  this  piece  of  paper.  I  will  not  embarrass  you  at  present 
with  the  name  of  that  power,  but  it  is  clear  there  was  a  something  in 
the  shellac  which  acted  by  attraction,  and  pulled  the  paper  over  ;  this, 
then,  is  one  of  those  things  which  we  call  power  or  force;  and  you  will 
now  be  able  to  recognise  it  as  such  in  whatever  form  I  show  it  to  you. 
We  are  not  to  suppose  that  there  are  so  very  many  different  powers ;  on 
the  contrary,  it  is  wonderful  to  think  how  few  are  the  powers  by  which 
all  the  phenomena  of  nature  are  governed.  There  is  an  illustration 
of  another  kind  of  power  in  that  lamp ;  there  is  a  power  of  heat — a 
power  of  doing  something,  but  not  the  same  power  as  that  which  pulled 
the  paper  over ;  and  so,  by  degrees,  we  find  that  there  are  certain 
other  powers  (not  many)  in  the  various  bodies  around  us ;  and  thus, 
beginning  with  the  simplest  experiments  of  pushing  and  pulling,  I  shall 
gradually  proceed  to  distinguish  these  powers  one  from  the  other,  and 
compare  the  way  in  which  they  combine  together.  This  world  upon 
which  we  stand  (and  we  have  not  much  need  to  travel  out  of  the  world 
for  illustrations  of  our  subject ;  but  the  mind  of  man  is  not  confined 
like  the  matter  of  his  body,  and  thus  he  may  and  does  travel  outwards, 
for  wherever  his  sight  can  pierce,  there  his  observations  can  penetrate,) 
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18  pretty  nearly  a  round  ^lobe,  having  its  surface  disposed  in  a  man- 
ner of  wliieli  this  terrestrial  ^lohe  by  my  side  is  a  rou^h  model;  so 
mueli  is  land  and  so  niueli  is  Avater,  and  l»y  looking:;  at  it  here  wo  see 
in  a  sort  of  map  or  j)icture  how  the  world  is  formed  upon  its  surface. 
Then,  when  we  come  to  examine  further,  I  refer  you  to  this  sectional 
diagram  of  tlie  jxeologieal  strata  of  the  earth,  in  which  there  is  a  more 
elaborate  view  of  what  is  under  the  surface  of  our  globe.  For,  when 
we  eoine  to  dig  into  or  examine  it  (as  man  does  for  his  own  instruction 
and  advantage,  in  a  variety  of  ways),  we  see  that  it  is  made  up  of  dif- 
ferent kinds  of  matter,  subject  to  a  very  few  powers  ;  and  all  disposed 
in  this  strange  and  wonderful  way,  which  gives  to  man  a  history — and 
such  a  history — as  to  what  there  is  in  those  veins,  in  those  rocks,  the 
ores,  the  water  springs,  the  atmosphere  around,  and  all  varieties  of 
material  substances,  held  together  by  means  o)i forces  in  one  great  mass, 
8000  miles  in  diameter,  that  the  mind  is  overwhehned  in  contempla- 
tion of  the  wonderful  history  related  by  these  strata  (some  of  which 
are  fine  and  thin  like  sheets  of  paper), — all  formed  in  succession  by 
the  forces  of  which  I  have  spoken. 

Now,  I  shall  try  to  help  your  attention  to  what  I  may  say,  by  direct- 
ing, to-day,  our  thoughts  to  one  kind  of  power.  You  see  what  I  mean 
by  the  term  matter — any  of  these  things  that  I  can  lay  hold  of  with  the 
hand,  or  in  a  bag  (for  I  may  take  hold  of  the  air  by  enclosing  it  in  a 
bag) — they  are  all  portions  of  matter  with  which  we  have  to  deal  at 
present,  generally  or  particularly,  as  I  may  require  to  illustrate  my 
subject.  Here  is  the  sort  of  matter  which  we  call  icater — it  is  tliere  ice 
[pointing  to  a  block  of  ice  upon  the  table] — tliere  water  [pointing  to  the 
water  boiling  in  a  flask] — here  vapor — you  see  it  issuing  out  from  the  top 
[of  the  flask].  Do  not  suppose  that  that  ice  and  that  water  are  two  en- 
tirely diff"erent  things,  or  that  the  steam  rising  in  bubbles  and  ascending 
in  vapor  there  is  absolutely  diff'erent  from  the  fluid  water — it  may  be  dif- 
ferent in  some  things,  having  reference  to  the  amounts  of  power  which  it 
contains  ;  but  it  is  the  same,  nevertheless,  as  the  great  ocean  of  water 
around  our  globe,  and  I  employ  it  here  for  the  sake  of  illustration, 
because  if  we  look  into  it  we  shall  find  that  it  supplies  us  with  exam- 
ples of  all  the  powers  to  which  I  shall  here  refer.  For  instance,  here  is 
water — it  is  heavy ;  but  let  us  examine  it  with  regard  to  the  amount 
of  its  heaviness  or  its  gravity.  You  see  here  I  have  a  little  glass  vessel 
and  scales  [nearly  equipoised  scales,  one  of  which  contained  a  half-pint 
glass  vessel],  and  the  glass  vessel  is  at  present  the  lighter  of  the  two ; 
but  if  I  now  take  some  water  and  pour  it  in,  you  see  that  that  side  of 
the  scales  immediatol}^  goes  down ;  that  shows  you  (using  common 
language,  which  I  will  not  suppose  for  the  present  you  have  hitherto 
applied  very  strictly),  that  it  is  heavy,  and  if  I  put  this  additional 
weight  into  the  opposite  scale,  I  should  not  wonder  if  this  vessel  would 
hold  water  enough  to  weigh  it  down.  [The  Lecturer  poured  more 
water  into  the  jar,  which  again  went  down.]  Why  do  I  hold  the  bottle 
above  the  vessel  to  pour  the  water  into  it  ?  Y^ou  will  say,  because  ex- 
perience has  taught  me  that  it  is  necessary.  I  do  it  for  a  better  reason 
— because  it  is  a  law  of  nature  that  the  water  should  fall  towards  the 
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cartli,  and,  tlicrcforo,  the  very  means  Avliicli  I  use  to  cause  the  water 
to  outer  the  vessel  are  those  which  will  carry  the  whole  hody  of  water 
down.  IMiat  power  is  what  wo  call  (jravity^  and  you  sec  there  [point- 
ing to  the  scales]  a  i^ood  deal  of  water  ^gravitating  towards  the  earth. 
Now  here  [exliihitinp;  a  small  piece  of  platinum]  is  anotlier  thing  which 
gravitates  towards  the  earth  as  much  as  the  whole  of  that  water.  See 
what  a  little  there  is  of  it — that  little  thing  is  heavier  than  so  much 
water  [placing  the  metal  in  opposite  scales  to  the  water].  What  a 
wonderful  thing  it  is  to  see  that  it  requires  so  much  water  as  that  [a 
lialf  pint  vessel  full]  to  fall  towards  the  earth,  compared  with  the  little 
mass  of  substance  1  have  here;  and  again,  if  I  take  this  metal  [a  bar 
of  aluminium  about  eight  times  the  bulk  of  the  platinum],  we  find  the 
water  will  balance  that  as  well  as  it  did  the  platinum ;  so  that  we  get, 
even  in  the  very  outset,  an  example  of  what  Ave  want  to  understand  by 
the  words  forces  or  poivers. 

I  have  spoken  of  water,  and  first  of  all  of  its  property  of  falling  down- 
wards— you  know  very  well  how  the  oceans  surround  the  globe — how 
they  fall  round  the  surface,  giving  roundness  to  it,  clothing  it  like  a  gar- 
ment ;  but,  besides  that,  there  are  other  properties  of  water.  Here, 
for  instance,  is  some  quick-lime,  and  if  I  add  some  water  to  it,  you  will 
find  another  power  or  property  in  the  water.  It  is  now  very  hot,  it 
is  steaming  up,  and  if  I  had  a  bit  of  phosphorus  here,  or  a  match,  I 
could  perhaps  light  it.  Now  that  could  not  happen  without  a  force 
in  the  water  to  produce  the  result ;  but  that  force  is  altogether  very 
difi'erent  from  its  power  of  falling  to  the  earth.  Then,  again,  here  is 
another  substance  [some  anhydrous  sulphate  of  copper]  which  will  illus- 
trate another  kind  of  power.  [The  Lecturer  here  poured  some  water 
over  the  white  sulphate  of  copper,  which  immediately  became  blue, 
evolving  considerable  heat  at  the  same  time.]  Here  is  the  same  water 
with  a  substance  which  heats  nearly  as  much  as  the  lime  does,  but  see 
how  differently.  So  great  indeed  is  this  heat  in  the  case  of  lime,  that 
it  is  sufficient  sometimes  (as  you  see  here)  to  set  wood  on  fire  ;  and  this 
is  the  reason  of  what  we  have  sometimes  heard,  of  barges  laden  with 
quick-lime  taking  fire  in  the  middle  of  the  river,  in  consequence  of  this 
power  of  heat  brought  into  play  by  a  leakage  of  the  water  into  the 
barge.  You  see  how  strangely  different  subjects  for  our  consideration 
arise,  when  we  come  to  think  over  these  various  matters — the  power  of 
heat  evolved  by  acting  upon  lime  with  water,  and  the  power  which 
water  has  of  turning  this  salt  of  copper  from  white  to  blue. 

I  want  you  now  to  understand  the  nature  of  the  most  simple  exertion 
of  this  power  of  matter  called  iveight  or  gravity.  Bodies  are  heavy — 
you  saw  that  in  the  case  of  water  when  I  placed  it  in  the  balance.  Here 
I  have  what  we  call  a  tveight  [an  iron  half  cwt.] — a  thing  called  a 
weight,  because  in  it  the  exercise  of  that  power  of  pressing  downwards 
is  especially  used  for  the  purposes  of  weighing  ;  and  I  have  also  one  of 
these  little  inflated  india-rubber  bladders  which  are  very  beautiful  al- 
though very  common  (most  beautiful  things  are  common),  and  I  am 
going  to  put  the  weight  upon  it,  to  give  you  a  sort  of  illustration  of 
the  doAvnward  pressure  of  the  iron,  and  of  the  power  which  the  air 
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possesses  of  resisting  that  pressure — it  may  burst,  but  wc  must  try  to 
avoid  that.  [Duriiiix  tl»e  last  few  observations  the  Lecturer  bad  suc- 
ceeded in  j)biein^  the  half  cwt.  in  a  state  of  (juiescenee  upon  the  inilated 
india-rubber  ball,  Avhicli  consc(iuently  assumed  a  shape  very  much  re- 
sembling a  ilat  cheese  Avith  round  edges.]  There  you  see  a  l)ubble  (►f 
air  beariuiT  half  a  humlred  weii^ht,  and  vou  must  conceive  iT)r  your- 
selves  what  a  wonderful  power  there  must  be  to  pull  this  weight  d(jwu- 
wards,  to  sink  it  thus  in  the  ball  of  air. 

Let  me  now  give  you  another  illustration  of  this  power.  You  know 
what  a  ])enduluin  js.  I  have  one  liere  (Fig.  1.),  and  if  I  set  it  swing- 
ing, it  will  continue  to  swing  to  and  fro.  Now,  I  wonder  whether  you 
can  tell  me  why  that  body  oscillates  to  and  fro  Fig.  1. 

— that  pendulum  bob  as  it  is  sometimes  called. 
Observe,  if  1  hold  this  straight  stick  horizontally, 
as  high  as  the  position  of  the  ball  at  the  two  ends 
of  its  journey,  vou  see  that  the  ball  is  in  a  hiirher 
position  at  the  two  extremities  than  it  is  when 
in  the  middle.  Starting  from  one  end  of  the 
stick,  the  ball  falls  towards  the  centre,  and  then 
rising  again  to  the  opposite  end  it  constantly 
tries  to  fall  to  the  lowest  point,  swinging  and  vi- 
brating most  beautifully,  and  with  wonderful  properties  in  otlier  re- 
spects— the  time  of  its  vibration  and  so  on — but  concerning  which  we 
will  not  now  trouble  ourselves. 

If  a  gold  leaf,  or  piece  of  thread,  or  any  other  substance,  were  hung 
where  this  ball  is,  it  would  swing  to  and  fro  in  the  same  manner  and 
in  the  same  time  too.  Do  not  be  startled  at  this  statement ;  I  repeat, 
in  the  same  manner  and  in  the  same  time,  and  you  will  see  by-and-by 
how  this  is.  Now,  that  power  which  caused  the  water  to  descend  in 
the  balance — which  made  the  iron  Aveight  press  upon  and  flatten  the 
bubble  of  air — which  caused  the  swinging  to  and  fro  of  the  pendulum, 
that  power  is  entirely  due  to  the  attraction  which  there  is  between  the 
falling  body  and  the  earth.  Let  us  be  slow  and  careful  to  comprehend 
this.  It  is  not  that  the  earth  has  any  particular  attraction  towards 
bodies  which  fall  to  it,  but,  that  all  these  bodies  possess  an  attraction, 
every  one  towards  the  other.  It  is  not  that  the  earth  has  any  special 
power  which  these  balls  themselves  have  not,  for  just  as  much  power 
as  the  earth  has  to  attract  these  two  balls  [dropping  two  ivory  balls], 
just  so  much  power  have  they  in  proportion  to  their  bulks  to  draw 
themselves  one  to  the  other  ;  and  the  only  reason  why  they  fall  so 
quickly  to  the  earth  is  oAving  to  its  greater  size.  Now,  if  I  were  to 
place  these  two  balls  near  together  I  should  not  be  able  by  the  most 
delicate  arrangement  of  apparatus,  to  make  you,  or  myself,  sensible 
that  these  balls  did  attract  one  another ;  and  yet  we  know  that  such 
is  the  case;  because  if,  instead  of  taking  a  small  ivory  ball,  we  take  a 
mountain,  and  put  a  ball  like  this  near  it,  we  find  that,  owing  to  the 
vast  size  of  the  mountain  as  compared  with  the  billiard-ball,  the  latter 
is  drawn  slightly  towards  it:  showinor  clearly  that  an  attraction  doei 
exist,  just  as  it  did  between  the  shellac  which  I  rubbed  and  the  piece 
of  paper  "which  was  overturned  by  it. 
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Now,  it  is  not  very  easy  to  mjikc  those  tliinfrs  quite  clear  nt  the  ont- 
BCt,  and  I  must  take  rar(;  that  1  (h)  not  leave  anything  uiiexphiiued  as 
I  proeeo(l,  and,  therefore,  1  must  make  you  clearly  understand  that 
all  bodies  are  attracted  to  the  earth,  or,  to  use  a  more  learned  term, 
gravitate.  You  will  not  mind  my  usin;;  this  "word,  for  when  1  say  that 
this  penny  ])ie('e  (inirllatva,  I  mean  nothin;^  more  nor  less  than  that  it 
falls  towards  the  earth,  and  if  not  intercepted,  it  would  ;^o  on  falling, 
falling,  until  it  arrived  at  what  we  call  the  centre  of  gravity  of  the 
earth,  whi(;h  I  will  explain  to  you  by-and-hy. 

I  want  you,  now,  to  understand  that  this  property,  of  gravitation  is 
never  lost,  that  every  substance  possesses  it,  tJiat  there  is  never  any 
change  in  tln^  quantity  of  it;  and,  first  of  all,  I  will  take  as  illustra- 
tion a  piece  of  marble.  Now  this  marble  has  weight — as  you  will  see 
if  I  put  it  in  these  scales;  it  weighs  the  balance  down,  and  if  I  take 
it  off,  the  balance  goes  back  again  and  resumes  its  equilibrium.  Now 
I  can  decompose  this  marble  and  change  it,  in  the  same  manner  as  I 
can  change  ice  into  water  and  water  into  steam.  I  can  convert  a  part 
of  it  into  its  own  steam  easily,  and  show  you  that  this  steam  from  the 
marble  has  the  property  of  remaining  in  the  same  place  at  common 
temperatures,  which  water-^iQ^m  has  not.  If  I  add  a  little  lirpid  to 
the  marble  and  decompose  it,  I  get  that  which  you  see — [the  Lec- 
turer here  put  several  lumps  of  marble  into  a  glass  jar,  and  poured 
water  and  then  acid  over  them ;  the  carbonic  acid  immediately  com- 
menced to  escape  with  considerable  effervescence] — the  appearance  of 
boiling,  which  is  only  the  separation  of  one  part  of  the  marble  from 
another.  Now  this  [marble]  steam,  and  that  [water]  steam,  and  all 
other  steams  gravitate  just  like  any  other  substance  does ;  they  are 
all  attracted  the  one  towards  the  other,  and  all  fall  towards  the  earth, 
and  what  I  want  you  to  see  is  that  this  steam  gravitates.  I  have  here 
(Fig.  2)  a  large  vessel  placed  upon  a  balance,  and  the  moment  I  pour 
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this  steam  into  it  you  see  that  the  steam  gravitates.  Just  watch  the 
index  aAd  see  whether  it  tilts  over  or  not.  [The  Lecturer  here  poured 
the  carbonic  acid  out  of  the  glass  in  which  it  was  being  generated  into 
the  vessel  suspended  on  the  balance,  when  the  gravitation  was  at  once 
apparent.]  Look  how  it  is  going  down.  How  pretty  that  is  !  I  poured 
nothing  in  but  the  invisible  steam,  or  vapor,  or  gas  which  came  from 
the  marble,  but  you  see  that  part  of  the  marble,  although  it  has  taken 
the  shape  of  air,  still  gravitates  as  it  did  before.     Now,  will  it  weigh 
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down  that  bit  of  paper?  [Placing  a  plcco  of  paper  in  tlio  opposite 
scale]  Yos,  inoro  than  thai. ;  it  nearly  wei^rhs  down  this  hit  <d"  paper. 
[Placing  another  ])iece  of  paper  in.]  So  that  you  now  see  that  other 
forms  of  matter  besides  solids  und  li(iuids  tend  to  fall  to  the  earth  ;  and, 
therefore,  you  will  now  accept  from  me  the  fact  that  aU  t]iin;:.s  <:ravi- 
tate,  whatever  may  be  their  form  or  condition.  Now  licrc  is  another 
chemical  test  which  is  very  rapid.  [Some  of  the  carbonic  acid  was 
poured  from  one  vessel  into  another,  and  its  presence  in  the  latter 
shown  l)y  introducini:  into  it  a  liiiihted  taper,  which  was  innncdiately 
extinguished.]  You  see  from  tliis  also  tliat  it  <:ravitate3.  All  these 
experiments  show  you  that,  tried  by  the  balance,  tried  by  pouring  it 
like  water  from  one  vessel  to  another,  this  steam,  or  vapor,  or  gas,  is 
attracted  to  the  earth  just  like  other  things. 

Now  there  is  another  point  that  I  want  to  draw  your  attention  to. 
I  have  here  a  quantity  of  shot ;  each  one  of  these  falls  separately,  and 
each  has  its  own  gravitating  power,  as  you  perceive  when  I  let  them 
fall  loosely  on  a  sheet  of  paper.  Now  if  I  put  them  into  a  bottle  I 
collect  them  together  as  one  mass,  and  philosophers  have  discovered 
that  there  is  a  certain  point  in  the  middle  of  the  whole  collection  of 
shots  that  may  be  considered  as  the  one  point  in  wliicli  all  their  gravi- 
tating power  is  centred,  and  that  point  they  call  the  centre  of  gravity  ; 
it  is  not  at  all  a  bad  name,  and  rather  a  short  one — the  centre  of  gra- 
vity. Now  suppose  I  take  a  sheet  of  pasteboard,  or  any  other  thing 
easily  dealt  with,  and  suppose  I  run  a  bradawl  througli  it  at  one  corner 
A  (Fig.  3),  and  Mr.  Anderson  holds  that  up  in  his  hand  before  us,  and 
I  then  take  a  piece  of  thread  and  an  ivory  ball,  and  hang  that  upon 
the  awl,  then  the  centre  of  gravity  of  both  the  pasteboard  and  the  ball 
and  string  are  as  near  as  they  can  get  to  the  centre  of  the  earth  ; 
that  is  to  say,  the  whole  of  the  attracting  power  of  the  earth  is,  as  it 
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were,  centred  in  a  single  point  of  the  cardboard  ;  and  this  point  is  ex- 
actly below  the  point  of  suspension.  All  I  have  to  do,  therefore,  is 
to  draw  a  line  A  B,  corresponding  with  the  string,  and  we  shall  find 
that  the  centre  of  gravity  is  somewhere  in  that  line.  But  where  ?  To 
find  that  out  all  we  have  to  do  is  to  take  another  place  for  the  awl 
(Fig.  4),  hang  the  plumb-line,  and  make  the  same  experiment,  and 
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there  [at  llio  point  c]  is  tlie  centre  of  gravity — tliere  wlicrc  the  two 
lines  >viru'h  1  \\\\\v  traced  (;r()ss  each  oilier;  and  it'  I  tak(!  tliat  pasteboard, 
and  make  a  liole  Avith  the  bradawl  throu;^h  it  at  that  ])oint,  you  will 
see  that  it  will  be  supported  in  any  position  in  which  it  may  be  placed. 
Kow,  knowing  that,  what  do  1  do  when  I  try  to  stand  upon  one  leg?  Do 
you  not  see  that  1  push  myself  over  to  the  left  side,  and  (|uietly  take  up 
the  right  leg,  and  thus  bring  some  central  point  in  my  body  over  this 
left  leg?  AVhat  is  that  point  Avhich  1  throw  over?  You  will  know  at 
once  that  it  is  the  centre  of  firdvltij — that  ])oint  in  me  in  which  the 
whole  gravitating  force  of  my  body  is  centred,  and  which  I  thus  bring 
in  a  line  over  my  foot. 

Now  I  have  liere  a  toy,  which  I  happened  to  see  the  other  day,  and 
I  think  it  will  serve  to  illustrate  our  subject  very  wcdl.  That  toy  ought 
to  lie  something  in  this  manner  (1^'ig.  ^).     And  it  would  do  so  if  it  were 
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uniform  in  substance ;  but  you  see  it  does  not,  it  will  get  up  again. 
And  now  philosophy  comes  to  our  aid ;  and  I  am  perfectly  sure,  without 
looking  inside  the  figure,  that  there  is  some  arrangement  there  by  which 

the  centre  of  gravity  is  at  the  lowest 
point  when  the  image  is  standing  upright ; 
and  we  may  be  certain  when  I  am  tilting 
it  over  (Fig.  6)  that  I  am  lifting  up  the 
centre  of  gravity,  and  raising  it  from  the 
earth.  All  this  is  effected  by  putting  a 
piece  of  lead  inside  the  lower  part  of  the 
imatre,  and  makino;  the  base  of  the  laroje 
curvature,  and  there  you  have  the  whole 
secret.  But  what  will  happen  if  I  try  to 
make  the  figure  stand  upon  a  sharp  point? 
You  observe  that  I  must  get  that  point 
exactly  under  the  centre  of  gravity  or  it 
will  fall  over  thus  [endeavoring  unsuc- 
cessfully to  balance  it]  ;  and  this  you  see 
is  a  difficult  matter,  I  cannot  make  it  stand 
steadily;  but  if  I  embarrass  this  poor  old  lady  with  a  world  of  trouble, 
and  hang  this  wire  with  bullets  at  each  end  about  her  neck,  you  see 
that  it  is  very  evident  that  owing  to  there  being  those  two  balls  of 
lead  hanging  down  on  each  side,  in  addition  to  the  lead  inside,  I  have 
lowered  the  centre  of  gravity,  and  now  she  will  stand  upon  this  point 
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(Fig.  7);  and,  what  is  more,  she  proves  the  truth  of  our  pliilosopliy  ])y 
standlii"]^  sideways. 

1  romembor  an  oxporiiueiit  "which  'puzzled  nic  very  much  wlicn  a 
boy.  I  read  it  in  a  conjurin«^  book,  and  this  was  how  the  problem  was 
put  to  us :  "  llow,"  as  the  book  said,  "  how  to  hang  a  pail  of  water,  by 
means  of  a  stiek,  upon  the  side  of  a  table."  Now  1  have  here  a  table, 
a  piece  of  stick,  and  a  pail,  (Fig.  8,)  and  the  proposition  is,  how  can 
that  pail  be  hung  to  the  edge  of  this  table?  It  is  to  be  done,  and  can 
you  anticipate  what  arrangement  I  shall  make  to  enable  me  to  succeed? 

Fig.  8.  Fig.  0. 


Fi2.  10. 


"Why  this.  I  take  a  stick,  and  put  it  in  the  pail  between  the  bottom 
and  the  horizontal  piece  of  wood,  and  thus  give  it  a  stiff  handle,  and 
there  it  is ;  and  what  is  more,  the  more  water  I  put  into  the  pail,  the 
better  it  will  hang.  It  is  very  true  that  before  I  quite  succeeded  I 
had  the  misfortune  to  push  the  bottoms  of  several  pails  out ;  but  here 
it  is  hanging  firmly  (Fig.  9),  and  you  now  see  how  you  can  hang  up 
the  pail  in  the  way  which  the  conjuring  books  require. 

Again,  if  you  are  really  so  inclined  (and  I  do  hope  all  of  you  are), 
you  will  find  a  great  deal  of  philosophy  in 
this  [holding  up  a  cork  and  a  pointed  thin 
stick  about  a  foot  long].  Do  not  refer  to 
your  toy-books  and  say  you  have  seen  that 
before.  Answer  me  rather,  if  I  ask  you, 
have  you  understood  it  before.  It  is  an 
experiment  which  used  to  seem  very  won- 
derful to  me  when  I  was  a  boy ;  I  used  to 
take  a  piece  of  cork  (and  I  remember  I 
thought  at  first  that  it  was  very  important 
that  it  should  be  cut  out  in  the  shape  of  a 
man,  but  by  degrees  I  got  rid  of  that  idea), 
and  the  problem  was  to  balance  it  on  the 
point  of  a  stick.  Why,  you  see  I  only  have 
to  stick  two  sharp  pointed  sticks  on  each 
side,  and  give  it  wings,  thus,  and  there  you 
will  find  this  beautiful  condition  fulfilled. 

I  want  now  to  bring  you  to  another  point — all  bodies,  whether  heavy 
or  light,  fall  to  the  earth  by  this  force  which  we  call  gravity.  By 
observation  moreover  we  see  that  bodies  do  not  occupy  the  same  time 
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in  fiillinf]; :  T  tliink  you  will  be  able  to  see  that  this  piece  of  paper  and 
tliat  ivory  ball  fall  with  different  veloeities  to  the  table  [<lr()ppin<^  them]; 
and  if  a^ain  i  take  a  feather  and  an  ivory  ball,  and  let  tlieni  fall,  you 
see  they  reach  the  table  or  earth  at  different  times  ;  that  is  to  sa}^,  the 
ball  falls  faster  than  the  feather.  Now  that  should  not  be  so,  for  all 
bodies  do  fall  equally  fast  to  the  earth.  There  are  one  or  two  beau- 
tiful points  included  in  that  statement.  First  of  all  it  is  manifest  that 
an  ounce,  or  a  pound,  or  a  ton,  or  a  thousand  tons,  all  fall  equally  fast, 
no  one  faster  than  another ;  here  arc  two  balls  of  lead,  a  very  light 
one  and  a  very  heavy  one,  and  you  perceive  they  both  fall  to  the  earth 
in  the  same  time.  Now  if  1  were  to  put  into  a  little  bag  a  number  of 
these  balls  sufficient  to  make  up  a  bulk  equal  to  the  large  one,  they 
■would  also  fall  in  the  same  time ;  for  if  an  avalanche  falls,  the  rocks 
and  mountains,  snow  and  ice,  together  falling  towards  the  earth,  fall 
•with  the  same  velocity,  whatever  be  their  size. 

I  cannot  take  a  better  illustration  of  this  than  that  of  gold  leaf,  be- 
cause it  brings  before  us  the  reason  of  this  apparent  diff'erence  in  the 
time  of  the  fall.  Here  is  a  piece  of  gold  leaf.  Now  if  I  take  a  lump 
of  gold  and  this  gold  leaf,  and  let  them  fall  through  the  air  together, 
you  see  that  the  lump  of  gold — the  sovereign,  or  coin — will  fall  much 
faster  than  the  gold  leaf.  But  why?  They  are  both  gold, -whether 
sovereign  or  gold  leaf.  Why  should  they  not  fall  to  the  earth  with 
the  same  quickness  ?  They  would  do  so,  but  the  air  around  our  globe 
interferes  very  much  where  we  have  the  piece  of  gold  so  extended 
and  enlarged  as  to  off'er  much  obstruction  on  falling  through  it.  I 
■will,  however,  show  you  that  gold  leaf  does  fall  as  fast  when  the  re- 
sistance of  the  air  is  excluded — for  -if  I  take  a  piece  of  gold  leaf  and 
hang  it  in  the  centre  of  a  bottle,  so  that  the  gold,  and  the  bottle  and 
the  air  within,  shall  all  have  an  equal  chance  of  falling,  then  the  gold 
leaf  will  fall  as  fast  as  anything  else.  And  if  I  suspend  the  bottle 
containing  the  gold  leaf  to  a  string.,  and  set  it  oscillating  like  a  pen- 
dulum, 1  may  make  it  vibrate  as  hard  as  I  please,  and  the  gold  leaf 
will  not  be  disturbed,  but  will  swing  as  steadily  as  a  piece  of  iron 
would  do  ;  and  I  might  even  swing  it  around  my  head  with  any  degree 
of  force  and  it  would  remain  undisturbed.  Or,  I  can  try  another  kind 
of  experiment : — if  I  raise  the  gold  leaf  in  this  way  [pulling  the  bottle 
up  to  the  ceiling  of  the  theatre  by  means  of  a  cord  and  pulley,  and 
then  suddenly  letting  it  fall  to  within  a  few  inches  of  the  lecture  table], 
and  allow  it  then  to  fall  from  the  ceiling  downwards  (I  will  put  some- 
thing beneath  to  catch  it  supposing  I  should  be  maladroit),  you  will 
perceive  that  the  gold  leaf  is  not  in  the  least  disturbed.  The  resistance 
of  the  air  having  been  avoided,  the  glass  bottle  and  gold  leaf  all  fall 
in  exactly  the  same  time. 

Here  is  another  illustration : — I  have  hung  a  piece  of  gold  leaf  in 
the  upper  part  of  this  long  glass  vessel,  and  I  have  the  means,  by  a 
little  arrangement  at  the  top,  of  letting  the  gold  leaf  loose.  Before 
we  let  it  loose  we  will  remove  the  air  by  means  of  an  air  pump,  and 
w^hile  that  is  being  done  let  me  show  you  another  experiment  of  the 
same  kind.  Take  a  penny  piece,  or  a  half-crown,  and  a  round  piece 
of  paper  a  trifle  smaller  in  diameter  than  the  coin,  and  try  them  side 
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by  side  to  sec  wliotlicr  they  fall  at  the  same  tinir  [dropping  tliem.] 
You  see  they  do  not — the  penny  piece  ^oes  down  first.  J>ut,  now  place 
this  paper  Hat  on  the  top  of  the  coin,  so  that  it  shall  not  meet  with  any 
resistance  from  the  air,  and  upon  then  dropping  them  you  see  they  do 
both  fall  in  the  same  time  [exhihitinir  the  effect].  I  dare  sav  if  I  were 
to  put  this  piece  of  gold  leaf,  instead  of  the  paper,  on  the  coin  it  would 
do  as  well.  It  is  very  difficult  to  lay  the  gold  leaf  so  flat  that  the  air 
shall  not  get  under  it  and  lift  it  up  in  falling,  and  I  am  very  doubtful 
as  to  the  success  of  this,  because  the  gold  leaf  is  puckery;  but  I  will 
risk  the  experiment.  There  they  go  together  I  [letting  them  fall,]  and 
you  see  at  once  that  they  both  reach  the  table  at  the  same  moment. 

We  have  now  the  air  pumped  out  of  the  vessel,  and  you  will  per- 
ceive that  the  gold  leaf  w  ill  fall  as  quickly  in  this  vacuum  as  the  coin 
does  in  the  air.  I  am  now  going  to  let  it  loose,  and  you  must  be  quick 
to  see  how  rapidly  it  falls.  There  I  [letting  the  gold  loose,]  there  it 
is,  falling  as  gold  should  fall. 

I  am  sorry  to  see  our  time  for  parting  is  drawing  so  near.  As  I 
proceed  I  mean  to  put  upon  the  board  behind  me  certain  words  so  as  to 
recall  to  your  minds  what  we  have  already  examined  ;  and  I  put  the 
word  Forces  above  all,  and  I  will  then  add  beneath  the  names  of  the 
special  forces  in  the  order  in  which  we  consider  them  ;  and  although 
I  fear  that  I  have  not  sufBciently  pointed  out  to  you  the  more  import- 
ant circumstances  connected  with  this  force  of  Gravitation,  espe- 
cially the  law  which  governs  its  attraction  (for  which,  I  think,  I  must 
take  up  a  little  time  at  our  next  meeting),  still  I  will  put  that  word 
on  the  board,  and  I  hope  you  will  now  remember  that  we  have  in  some 
degree  considered  i\iQ  force  of  gravitation — that  force  which  causes  all 
bodies  to  attract  each  other  when  they  are  at  sensible  distances  apart, 
and  tends  to  draw  them  together. 
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At  the  adjourned  inquest  the  following  interesting  and  valuable 
evidence  was  given  by  Capt.  Tyler,  the  government  inspector,  who 
said  he  had  examined  the  engine  and  the  pieces.  She  began  to  run 
in  December,  1853,  and  having  run  62,136  miles  was  retubed  in  Octo- 
ber, 1854.  She  had  had  no  material  repairs  since  that  date.  She 
was  a  goods  engine,  with  two  safety  valves,  each  four  inches  in  diameter, 
which  he  considered  to  be  sufficient.  The  outer  shell  of  her  fire-box 
consisted  of  three  plates,  each  6  ft.  by  9  ft.  4J  inches  by  ^''^  inches 
thick,  the  dome  being  on  the  top  of  the  centre  plate.  On  Saturday, 
the  10th,  she  was  slightly  repaired.  She  weighed  35  tons,  and  had 
run  12,232|  miles  since  she  was  retubed.  "When  she  exploded,  three 
portions  of  the  outer  shell  of  the  fire-box  flew  ofi*,  besides  some  smaller 
pieces,  one  of  these  4  feet  by  13J  inches  blew  to  the  left  through  the 
side  of  the  shed ;  a  second  4  feet  6  inches  by  3  feet  six  inches  fell  in 
the  permanent  way  about  15  feet  to  the  right  of  the  engine,  and  the 
third  4  feet  3  inches  by  2  feet  blew  against  a  wall  a  distance  of  30 
yards.     A  whistle  was  picked  up  330  yards,  and  a  lever  230  yards 

*  From  Herapath's  Railway  Journal,  No.  1086. 


86  Mechanics,  Physics,  and  Chemistry, 

from  tlic  cnnr'mc.  The  portion  of  the  boiler  which  flew  to  the  left  was 
divided  IVoiii  the  other  ])ortioiis  just  aljove  the  line  of  the  scam  of  rivets, 
and,  therefore,  lie  particularly  examined  this  seam,  lie  found  tlu 
rivets  still  in  their  places.  The  plate  was  originally  ^^^  of  an  inch,  bul 
was  eaten  through  in  aline  regularly  from  ,^,t  to  ,''(;  of  an  inch,  leaving 
only  a  very  small  portion  of  the  metal  still  holding  before  the  explO' 
sion.  There  was  a  similar  seam  on  the  right  of  the  fire-box  whicl 
appeared  likely  to  have  been  eaten  away  in  a  similar  manner  to  th( 
portion  which  had  given  way  on  the  left.  Mr.  Wright  had  this  scan 
broken  apart,  and  he  now  produced  it  so  that  it  would  afford  the  jury  i 
better  idea  of  his  meaning.  This  eftect  had  been  produced  upon  the  boil 
cr  by  various  causes.  In  the  first  place  the  boiler  had  evidently  been  in- 
jured during  its  construction  by  the  application  of  the  caulking  tool  ir 
caulking  the  edge  of  the  plate  ;  the  surface  of  all  the  plates  of  the  boilei 
that  he  had  been  able  to  see  had  been  more  or  less  injured.  He  ex- 
plained that  the  caulker,  which  is  a  kind  of  cutter,  had  in  the  use  of  ii 
made  a  kind  of  cut,  and  this  wound  being  produced  corrosion  had  taker 
place.  The  corroded  surface  was  interfered  with  by  the  raechanica' 
working  of  the  boiler,  arising  from  internal  pressure,  as  well  as  the  ex 
pansion  and  contraction  due  to  differences  of  temperature,  and  this 
effect  was  increased  when  bad  water  was  used.  lie  found  that  the  Com 
pany  had  great  difficulty  in  getting  good  water  at  Newton,  up  to  No 
vember,  1858,  and  the  salt  water  taken  from  the  river  w^as  used  witl 
this  engine  twice  a-day  up  to  that  date.  It  was  partly  on  this  account 
no  doubt,  that  the  corrosive  action  to  which  he  had  referred  had  pro 
ceeded  to  so  great  an  extent  on  so  young  an  engine.  There  wer( 
no  means  of  examining  the  interior  of  the  fire-box,  to  detect  a  fla^ 
of  this  description,  without  taking  the  boiler  to  pieces  or  drilling 
holes  in  it.  There  were  certain  precautions  which  might  be  adoptee 
to  prevent  such  accidents  for  the  future.  First,  by  taking  additional 
care  to  see  that  the  caulking  was  performed  without  injury  to  th( 
boiler ;  secondly,  b}'"  the  use  of  good  water ;  thirdly,  by  the  use  oj 
additional  stays,  which  would  tend  to  prevent  the  explosion  as  wel 
as  check  the  mechanical  action  referred  to  ;  and,  fourthly,  by  testing 
the  boiler  periodically  by  hydraulic  pressure,  up  to,  say  50  per  cent 
beyond  the  ordinary  working  pressure  of  the  engine.  The  valves  oi 
this  engine  were  set  to  a  working  pressure  of  120  lbs.  to  the  square 
inch,  when  the  explosion  took  place.  Capt.  Tyler  stated,  in  addition, 
but  it  was  not  taken  as  evidence,  that  a  curious  fact  had  occurred 
since  the  accident.  An  engine  at  Newton  was  discovered  to  be  in  fi 
similarly  defective  state  from  the  same  causes,  but,  in  consequence  ol 
its  being  stayed  more  effectually,  it  had  resolved  itself  into  a  leak. 

The  Coroner  having  briefly  summed  up. 

The  Jury  found  a  verdict — *'That  the  deceased  had  been  killed  by 
the  accidental  bursting  of  the  engine  boiler."  The  Jury  expressed 
their  satisfaction  at  the  lucid  report  of  Capt.  Tyler,  and  hoped  every 
publicity  would  be  given  it  with  a  view  to  prevent  the  recurrence  ol 
such  an  accident  in  the  future.  They  also  thanked  Capt.  Tyler  and 
the  officers  of  the  Eailway  Company  for  the  facilities  they  had  afforded 
them. 
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On  the  Manufacture  of  the  Carbon  Elements  for  Bunscn  Batteries.* 
By  John  Young,  Manager  of  tlic  Gas  Works,  Dalkeith. 

The  advantages  attending  tlic  nse  of  the  Bunsen  Battery  as  a  power- 
ful source  of  ek'ctrie  action  lias  led  to  its  very  general  adoption,  espe- 
cially in  those  experiments  of  a  more  brilliant  character.  The  peculiar 
construction  of  this  battery  consists  in  substituting  for  platinum,  car- 
bon of  that  condition  found  in  the  interior  of  gas  retorts.  The  diffi- 
culty of  procuring  carbon  of  this  sort,  and  especially  of  giving  it  a 
proper  form  "when  obtained,  led  to  the  series  of  e.\})eriments  and  their 
results  "vvhich  form  the  subject  of  this  communication. 

Hitherto  the  supply  of  ]>repared  carbons  has  almost  exclusively  been 
furnished  to  this  country  from  the  Continent ;  and  so  far  as  they  have 
come  under  my  observation  they  were  made   from   the  retort  carbon 
above  mentioned.    The  precariousness  of  a  supply  from  this  source, 
and  the  fact  of  its  being  dependent  for  its  continuance  upon  an  evil 
which  gas  engineers  are  trying  all  means  to  overcome,  suggested  the 
propriety  of  finding  some  compound,  and  mode  of  treating  it,  which 
would  render  us  equally  independent  of  foreign  aid,  and  that  period 
in  the  history  of  gas-lighting  when  the  engineer  has  attained  his  ob- 
ject.   During  the  spring  of  last  year  these  experiments  were  entered 
upon  ;  and  for  several  weeks  at  first  occupied  my  whole  attention,  and 
at  brief  intervals  during  the  summer  were  resumed.    In  the  first  ouiset 
we  were  entirely  guided  in  our  procedure  by  the  information  of  the 
composition  and  treatment  of  the  carbons  by  Professor  Bunsen,  as 
given  in  several  works  on  electrical  science  ;  but  whether  the  material 
used  by  me  or  the  mode  of  treatment  differed  from  that  of  the   Pro- 
fessor we  do  not  know,  but  the  results  in  our  hands  were  most  unsatis- 
factory indeed.    The  prescribed  composition  used  by  the  Professor  is 
"coke  and  coal  in  fine  powder,  heated  together  in  an  iron  mould,  thus 
forming  a  mass  of  solid  carbon  of  the  required  form.    To  give  greater 
solidity,  they  were  plunged  into  a  syrup  of  sugar,  afterwards  dried, 
and  then  submitted  to  an  intense  heat  in  covered  vessels."    These  in- 
structions are  apparently  plain  enough,  unencumbered  by  detail,  and 
would  indicate,  by  their  brevity,  that  the  solid  mass  of  carbon  was  so 
sure  of  being  obtained  that  more  minute  instructions  were  totally  un- 
necessary.   In  our  experiments  we  employed  the  finest  pieces  of  New- 
castle coke  in  powder  and  the  finest  English  caking  coal,  and  followed 
the  recipe  with  great  care.    We  used  (1)  cold  moulds,  afterwards  heat- 
ing them  carefully ;  and  (2)  red-hot  moulds,  and  packed  in  the  com- 
position in  a  fused  state;  and  yet  the  four  weeks  in  which  we  were  so 
occupied  were  characterized  by  one  series  of  failures,  during  which  we- 
had  wasted  large  quantities  of  sugar,  besides  less  valuable  materials, 
without  receiving  a  single  hint  that  we  were  proceeding  in  the  right 
direction ;  and  not  until  a  partially  new  process  was  entered  upon  did 
hopes  arise  that  we  would  ever  attain  our  object.    The  carbon  ele- 
ments so  obtained  were  either  loose  and  friable,  or  altogether  in  a 
state  of  powder,  or  so  full  of  cracks  and  fissures,  when  an  excess  of 

*from  the  Lond.  Chemical  News,  No.  12. 
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coal  was  used,  tliat  in  either  case  tliey  were  useless.  Some  of  the  best 
■we  endeavored  to  fmisli ;  ])ut  after  repeated  soakinnrs  in  the  syrup  of 
sujL^ar,  we  could  with  diflicully  produee  tlieni  of  suflicient  density;  and, 
■\vlien  attainable,  only  at  sudi  expense  as  precluded  competition  in 
price  with  those  already  in  the  market. 

Starting  anew,  and  availing  ourselves  of  the  varieties  of  coke  within 
reach,  and  trusting  to  our  own  observations  for  guidance,  we  entered 
■upon  a  new  series  of  experiments  with  different  kinds  of  coke,  mixed 
in  various  proportions,  and  differently  treated.  Among  failures,  we 
also  had  hints  of  success,  and  iVom  noting  the  changes  by  which  these 
favorable  hints  had  been  furnished,  wc  were  able  to  proceed  under 
more  cheering  prospects.  The  results  of  these  experiments  were,  that 
the  coke  from  the  Marquis  of  Lothian's  parrot  coal,  as  left  in  the  gas 
retort,  was  best.  What  peculiarity  in  this  coke  should  make  it  superior 
we  cannot  say,  unless  it  be  the  small  amount  of  ash  that  it  contains; 
but  when  used  by  us,  it  was  always  covered  by  a  peculiar  glistening, 
silvery  deposit  of  carbon  from  its  own  gas.  The  amount  of  ash  in  the 
coke  we  found  to  be  less  than  7  per  cent. 

After  many  trials,  we  obtained  the  best  results  from  the  following 
mixture  and  mode  of  treatment — viz :  64  per  cent,  by  weight  of  coke 
powder,  and  36  per  cent,  of  English  caking  coal  in  powder,  well  mixed, 
and  moistened  with  a  solution  of  sugar  or  starch,  until  the  mass,  when 
pressed  in  the  hand,  retained  its  form.  When  starch  was  used,  it  was 
in  the  form  of  mucilage;  and  when  syrup  of  sugar  was  used,  it  was 
composed  of  one  part  of  sugar  to  one  and  a  half  of  water.  The  pre- 
pared composition  was  pressed  very  hard  into  moulds  of  the  required 
form,  and  when  taken  from  the  mould  the  cakes  were  set  aside  to  dry. 
The  use  of  sugar  or  starch  in  the  composition  is  to  cause  the  adhesion 
of  the  particles  of  coke  and  coal  powder,  so  that  they  retain  the  form 
of  the  mould,  and  when  dry  become  a  hard  cake  that  can  be  handled, 
and  closely  packed  into  the  coking-mould.  The  part  of  the  process 
referred  to  is  conducted  precisely  the  same  as  in  the  manufacture  of 
ordinary  bricks  ;  but  the  similarity  of  manufacture  goes  no  further,  as 
all  air  has  to  be  excluded  from  the  carbons,  otherwise  combustion  en- 
sues, and  entirely  destroys  them.  To  prevent  the  action  of  the  air,  the 
coking  is  done  inside  a  gas  retort,  into  which  a  small  quantity  of  coal 
had  been  introduced  to  expel  the  air.  The  box  or  mould  in  which  the 
bricks  were  packed  during  the  coking  contained  thirteen  carbons  at 
one  time.  The  length  of  the  box  was  equal  to  the  thickness  of  the 
whole  thirteen,  including  plates  of  iron  of  J-inch  thickness,  which  were 
placed  between  them,  to  prevent  the  carbons  from  fusing  together. — 
The  breadth  of  the  box  was  equal  to  the  length  of  the  carbons,  and 
the  depth  equal  to  the  breadth  of  the  carbons.  The  mould  with  cover 
■was  so  constructed,  that  the  encased  carbons  should  be  closely  clamped 
up  and  compressed  between  the  plates  while  coking.  The  great  ten- 
dency that  the  caking  coal  has  to  tumify  while  in  fusion,  by  the  escape 
of  the  gas,  made  this  precaution  the  more  necessary ;  and  unless  at- 
tended to  the  carbons  would  have  been  loose  and  porous.  The  box  and 
its  contents  were  in  the  retort  for  about  one  hour  and  a  half,  at  a 
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hri;:lit  (.'liorry-rcd  heat ;  ami  avIkmi  taken  out  \\vn\  covcro<l  over  ^vitli 
drv  iliist  until  eold,  to  ])revent  the  air  IVoui  JU'tinLj  on  the  earbons 
throujih  the  chinks  round  tlie  cover.  AVhen  takin  iVoni  tlie  box  the 
carbons  luive  a  ch)se  suriaee,  oum^  to  the  iron  |)lates  compressing  the 
exuding  fused  coke.  At  tliis  stage  tliey  have  no  electri(;al  action,  and 
are  entirely  de|)endent  upon  the  subseciuent  parts  of*  the  process  for 
the  deposit  of  carbon  to  bestow  this  property.  From  this  point  in  the 
manufacture,  my  mode  of  treatment  is  new,  and  depends  for  the  closing 
of  the  pores  in  the  coke  to  the  fixed  carbon  from  a  s(»aking  of  coal  tar, 
and  the  carbonaceous  deposit  from  gas  during  its  liberation  from  the 
coal.  My  experiments  upon  sugar,  as  a  source  of  cementing  carbon, 
showed  me  that  at  the  best  it  would  be  ex])ensive,  and  exceedingly 
slow  in  its  action,  from  the  low  per  centage  of  fixed  carbon  that  it  left. 
AVhcn  the  S3'rup  used  was  composed  of  equal  weights  of  sugar  and 
"Water,  the  fixed  carbon  was  only  13  per  cent,  of  the  licpiid  absorbed, 
or  'JO  })er  cent,  of  the  sugar  in  the  solution.  At  this  rate,  every  ounce 
weight  added  to  the  carbons  would  cost  1\l1.  with  sugar  at  its  present 
cheap  rate,  besides  the  additional  trouble  of  having  the  carbons  to  dry 
after  each  soaking.  In  using  coal  tar  as  a  substitute,  we  first  heated 
it  to  a  temperature  of  300°,  so  as  to  drive  off  the  naphtha  hydro-car- 
bons, which  left  it  in  a  semi-pitched  condition ;  and  while  still  hot  the 
coke  bars  were  soaked  in  it  till  saturated,  and  sank  to  the  bottom.  The 
per  centage  of  fixed  carbon  left  in  the  coke  after  the  soaking,  and 
heated  to  redness,  was  32-5  per  cent,  of  the  tar  absorbed,  or  2\  times 
the  weight  obtained  from  sugar,  and  secured  at  an  infinitely  less 
cost.  Pure  tar  carbon  is  among  the  best  that  I  have  yet  tried  for 
Bunsen  Batteries,  and  it  was  the  success  in  some  experiments  that  I 
was  making  with  it  that  induced  me  to  try  it  as  a  source  of  fixed  car- 
bon for  the  purpose  now  mentioned. 

Three  separate  soakings  in  the  tar,  as  described,  and  as  many  times 
heated  to  a  high  temperature,  are  necessary  fully  to  close  the  pores 
of  the  coke.  Before  the  last  steeping,  the  carbons  are  ground  upon  a 
flat  stone  into  the  required  shape.  In  grinding,  a  little  water  is  used, 
but  only  so  much. as  may  form  the  abraded  powder  from  the  carbons 
into  a  pasty  state  ;  and  as  the  carbons  are  still  absorbent  at  this  stage, 
they  imbibe  the  water  from  the  paste,  and  leave  the  particles  of  car- 
bon deposited  in  the  pores  on  the  surface,  thereby  leaving  the  close 
surface  shown  in  the  finished  state.  The  carbons  are  airain  soaked  in 
tar,  and  charred  at  a  high  temperature,  when  the  process  is  completed 
by  the  final  smoothino;  on  a  flat  stone. 

The  manufacture  of  the  carbons  is  conducted  simultaneously  with 
the  process  of  gas-making;  and  thereby,  with  economy  of  heat,  a  con- 
siderable amount  of  carbon  is  deposited  from  the  gas  itself,  in  addition 
to  the  fixed  carbon  from  the  tar  absorbed.  For  convenience  of  having 
them  properly  placed  upon  the  coal  in  the  retort,  a  long  semicircular 
trough  of  iron  is  prepared  (similar  to  a  water  run  for  eaves  of  houses) 
to  contain  from  twelve  to  twenty  at  one  time,  and  after  the  charge  of 
coal  is  introduced,  and  before  closed  up,  the  long  trough  and  its  con- 
tents are  thrust  in  over  the  coals,  close  up  to  the  roof  of  the  retort, 
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and  ji11()W(m1  to  rciii:iin  till  tljo  clh'irgo  of  coal  is  wroufj^lit  off — a  period 
of  nearly  three  and  a  half  hours.  On  being  ^vitlidrawn,  the  carbons 
are  scattered  about,  to  cool  as  rapidly  as  possible,  and  prevent  their 
burning  away  by  the  action  of  the  air;  and  when  cold  they  receive  the 
slight  rub  to  smooth  th(!in,  which  fuiishes  the  process. 

i  do  not  wish  it  to  be  understood  that  1  consider  these  carbon  elements 
liave  reached  their  perfect  state.  This  notice  only  shows  the  process 
in  a  comparatively  infant  stage ;  and  I  hope  to  be  able  to  prosecute 
the  experinients  to  greater  maturity,  so  as  to  be  able  to  place  a  still 
better  article  in  the  hands  of  tlu;  student  of  electricity. — Transactions 
of  the  Royal  Scottish  Society  of  Arts. 


Experiments  on  the  Total  Heat  of  Steam. "^    By  J.  P.  Joule,  LL.D., 
IMl.S. — [Head  before  the  Philosophical  Society  of  Manchester.] 

The  author  showed  that  what  is  called  the  total  heat  of  steam,  or 
the  quantity  liberated  when  steam  is  condensed  into  water  of  0°  centi- 
grade, consists  of — 1st,  the  true  heat  of  evaporation  ;  2d,  the  heat  due 
to  the  work  done  on  the  steam  during  the  condensation ;  and  3d,  the 
heat  liberated  by  cooling  the  water  from  the  temperature  of  condensa- 
tion to  the  freezing  point.  The  determination  of  the  total  heat  of  steam 
had  been  made  the  object  of  a  very  careful  and  elaborate  research  by 
Regnault ;  but  it  appeared  to  the  author  that  independent  experiments, 
conducted  in  a  different  and  more  direct  manner,  would  not  be  with- 
out interest.  The  following  is  a  summary  of  the  results  obtained  by 
him,  compared  with  those  of  Regnault : 

Total  pressure  Total  Heat  in  Degrees  Centigrade, 

in  Inches.  Author.  Regnault. 

3T-25       '   638-43        638-77 

67-52  644-77        642-87 

111-58  655-45        649-06 


On  the  Conductihility  of  certain  Alloys  for  Heat  and  Electricity .'\ 

By  G.  Wiedemann. 

In  an  experimental  investigation,  "Wiedemann  and  Franzt  found 
that  the  thermal  and  electrical  conductihility  of  metals  was  nearly 
identical.  Their  researches  also  showed  that  in  brass  (which  contains 
1  part  of  zinc  to  2  of  copper)  the  thermal  conductihility  differs  but 
very  little  from  that  of  the  worse  conducting  metal,  zinc,  although  the 
latter  is  present  in  smallest  quantity.  In  other  alloys,  as  those  of  tin 
and  lead,  an  analogous  relation  prevails  in  reference  to  the  electric 
conductihility.  Messrs.  Calvert  and  Johnson  have  lately  investigated 
the  thermal  conductihility  of  several  alloys,  and  have  arrived  at  results 
which  differ  materially  from  those  of  Wiedemann  and  Franz,  and  which 

*  From  Newton's  London  Journal,  April,  1860. 

f  From  the  Lond.,  Edin.,  and  Dub.  Philosophical  Mag.,  March,  1860. 

X  Phil.  Mag.  [4]  vol.  vii.  p.  33;  vol.  x.  p.  393. 
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rondor  doubtful  the  aiialonry  ^vlli(•ll  liad  Ikmmi  cstal^llslicd  between  t])0 
tliermal  and  eleetrieal  e(»nduetil)ilit y.  AVicdeniann  bus  accordin;:ly 
deteiinined  tlio  conduct ibility  lor  beat  and  electricity  of  several  alloys. 
lie  used  tbe  same  nietbod  as  in  the  previous  rescarcbcs,  and  tbe  fol- 
lowing; Table  contains  tbe  results  at  wbicb  be  bas  arrive*!.  Tbe  stand- 
ard adopted  is  silver,  tbe  conductibility  of  wbicb,  botb  for  beat  and 
idectricit}',  is  taken  at  100.  Copper  zinc  J  denotes  an  alloy  contain- 
ing 8  parts  of  copper  to  one  of  zinc. 

Conductibility  for 
Ht'nt.  EliTtricity. 

Copper,         .  .             .             73-6  79-3 

Copper-Zinc  ^,    .  .             .       27-3  25-5 

Copper-Zinc  «-^%  .             .             29-9  30-9 

Copper-Zinc  l!l,  .             .       31-1  29-2 

Brass             ^,  .             .             25-8  25*4 

Zinc,       .        '     .  .             .       28-1  27-3 

Tin,                .  .             .             15-2  170 

Tin-Bismuth  i,  .  .             .       104  9-0 

Tin-Bismuth  ],  .              .                5'6  4-4 

Tin-Bismuth  J,   .  .             .         2-3  2-0 

Hose's  Metal,  .             .               4-0  3-2 

From  these  results  Wiedemann  concludes — 

1.  That  the  agreement,  which  had  been  previously  found  to  exist, 
between  the  thermal  and  electrical  conductibility  of  metals  obtains 
also  for  alloys. 

2.  That  tbe  conductibilities  of  alloys  of  zinc  and  copper,  for  heat 
as  well  as  for  electricity,  dififer  but  little,  even  with  a  considerable  ex- 
cess of  copper,  from  the  conductibility  of  the  worse  conducting  metal, 
zinc.  The  alloys  of  zinc  and  bismuth,  on  the  contrary,  have  nearly 
the  mean  conductibility  calculated  from  their  atomic  composition. — 
Poggendorfif  s  Annalen^  Nov.,  1859. 


On  a  3Iethod  of  Testing  the  Strength  of  Steam  Boilers."^ 

By  Dr.  Joule. 

The  author  adverted  to  the  means  hitherto  adopted  for  testing  boil- 
ers. 1st.  That  by  steam  pressure,  which  gives  no  certain  indication 
"whether  strain  bas  not  taken  place  under  its  influence,  so  that  a  boiler 
so  tested  may  subsequently  explode  when  worked  at  the  same  or  even 
a  somewhat  less  degree  of  pressure.  He  trusted  that  this  highly  repre- 
hensible practice  had  been  wholly  abandoned.  2d,  That  by  hydraulic 
pressure  obtained  by  a  force  pump,  which  does  not  afford  an  absolutely 
reliable  proof  that  the  boiler  has  passed  the  ordeal  without  injury,  and 
moreover  requires  a  special  apparatus.  The  plan  which  had  been 
adopted  by  the  author  for  two  years  past,  with  perfect  success,  was 

*  From  Newton's  London  Journal,  April,  1S60. 
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free  from  the  objections  wliicli  :i])))lio(l  to  the  a])ove,  and  is  as  follows: 
The  boiler  is  entirely  filled  >vith  Avater ;  then  a  brisk  fire  is  made  in  or 
under  it.  AVhen  the  water  has  thereby  been  wanned  a  little,  say  to 
70°  or  i)0°  Fahrenheit,  the  safety  valve  is  loaded  to  the  pressure  up 
to  which  the  boiler  is  to  be  tested.  Bourdon's  or  other  pressure  indi- 
cator is  then  constiintly  ol)served  ;  and  if  the  ])ressurc  occasioned  by 
the  expansion  of  the  water  increases  continuously  up  to  the  testing 
])ressure,  without  sudden  stoppage  or  diminution,  it  may  be  safely  in- 
ferred that  the  boiler  has  stood  it  without  strain  or  incipient  rupture. 
In  the  trials  made  by  the  author,  the  pressure  rose  from  zero  to 
62  lbs.  on  the  square  inch  in  five  minutes.  The  facility  of  proving  a 
boiler  by  this  method  was  so  great,  that  he  trusted  that  owners  would 
be  induced  to  make  those  periodical  tests,  without  which,  fatal  expe- 
rience had  shown  that  no  boiler  should  be  trusted. 


On  Tungsten  Steele  By  F.  X.  Wurm. 

Franz  Mayr  has  produced,  at  his  cast  steel  works  at  Kapfenbcrg, 
in  Styria,  cast  steel  of  such  dimensions,  forms,  and  excellent  quality, 
as  could  previously  only  be  obtained  from  Krupp,  of  Essen.  Oblique 
cog-wheels  for  coining  machines  and  locomotives,  axles  for  railwa}? 
carriages,  boiler  plates,  angle  knees,  and  round,  flat,  and  quadrangu- 
lar rods,  of  various  sections,  have  now  been  produced  by  Mayr  for 
more  than  a  year. 

What  particularly  deserves  to  be  mentioned  with  regard  to  these 
articles,  is  Mayr's  unrivalled  tungsten-steel  distinguished  by  the  fine- 
ness of  its  crystalline  texture  and  its  remarkable  hardness,  so  much 
so,  indeed,  that  the  experiments  made  with  it  several  months  ago  have 
shown  that  tools  made  froto  it  for  cutting  toothed  wheels,  borers,  chi- 
sels, punches,  turning  tools,  planing  blades,  &c.,  retain  their  power  oi 
cutting  four  times  as  long  as  those  made  of  Hundsman-steel,  previously 
regarded  as  the  best.  This  steel  may  therefore  be  recommended  as  the 
best  for  these  purposes. 

Tungsten  has  nearly  the  same  specific  gravity  as  gold,  and  this  den- 
sity is  recognisable  in  the  cast  steel  alloyed  with  it,  by  the  alteration 
in  the  grain  of  the  fractured  surface,  and  by  the  heightened  ring  oi 
the  steel. 

In  hardness,  metallic  tungsten  nearly  approaches  the  hardest  oi 
natural  bodies,  and  it  communicates  this  property  to  cast  steel,  without 
injuring  its  tenacity  and  malleability  when  the  addition  is  of  2  — 5  per 
cent. 

The  absolute  solidity  of  tungsten-steel  exceeds  that  of  all  other 
known  steels,  for  fifteen  consecutive  experiments  with  a  machine  in 
the  Polytechnic  Institute  of  Vienna  showed  the  highest  power  of  resist- 
ance to  be  1393  hundredweights,  and  the  lowest  1015  hundredweights, 
giving  an  average  of  1158}  |  hundredweights  to  the  square  inch;  so 
that  this  steel  exceeds  all  other  kinds  hitherto  tried. 

The  ore  of  tungsten  from  which  the  metal  is  obtained,  usually  occurs 

*  From  the  London  Chemical  Gazette,  No.  403. 
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in  company  witli  tin-stone  ;  it  has  |)ro])al)ly  liithorto  never  olitained  any 
teelinieal  a|)})lication,  as  it  luis  only  bet-n  regardi'd  jis  a  niineralogical 
curiosity. 

More  recent  investigations  have  shown,  however,  that  tlie  arts  may 
derive  considerable  benefit  from  it.  One  of  the  richest  sources  of  this 
ore  is  possessed  by  the  Austrian  empire  in  the  tin  mines  of  /innwald 
in  Bohemia,  where  the  tungsten  ore  has  been  thrown  upon  the  heaps  as 
worthless  for  nearly  five  hundred  years. 

Mayr  lias  the  ;rreat  merit  of  having  been  the  first  to  brin^j  this  new 
and  hitherto  unem])loyed  metal  into  use  in  the  manufacture  of  cast 
steel  on  the  large  scale,  having  introduced  tungstic  cast  steel  into  com- 
merce of  the  most  various  degrees  of  hardness,  and  of  any  dimensions. 

The  price  of  this  steel,  notwithstanding  its  remarkable  goodness, 
is  lower  than  tliat  of  the  English  cast  steel,  over  which  the  uniformity 
of  its  crystalline  texture  gives  it  a  peculiar  advantage. 

The  above  properties  of  density,  hardness,  and  strength,  are  also 
communicated  by  tungsten  to  cast  iron,  and  this  alloy  may  probably 
be  useful  for  crushing-rollers,  and  may  perhaps  in  time  attract  the 
attentioa  of  the  artillery. — Dingler's  Fulyt.  Journal^  clii,  p.  178. 
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Particulars  of  the  Steamer  Flushing. 

Hull  built  by  Samuel  Sneden  k  Co.  Machinery  by  Morgan  Iron 
Works,  New  York.  Designed  by  T.  F.  Rowland,  Engineer.  Owners, 
New  York  and  College  Point  an<l  Flushing  Steamboat  Company.  In- 
tended service,  New  York  to  Flushing. 

Hull. — Length  on  deck,  161  ft.  Do.  at  load  line,  155  ft.  Breadth  of  beam  (molded), 
27  ft.  Depth  of  hold  to  spar  deck,  8  ft.  Trarae,  L;  depth.  3  ins.;  width  of  web,  5-16 
in.;  width  of  flanches,  3  ins.  Plates,  thickness,  5-16  to  No.  3.  Cross  Floors,  12  ins. 
deepXi-in*?  connecting  every  alternate  frame.  Keel,  depth,  3  ins.  Rivets,  f-in.  diameter; 
apart,  2j  ins.  Bulkheads,  3.  Draft  when  launched,  2  ft.  2  ins.  Do.  when  loaded,  4  ft. 
Tonnage,  323.     Area  of  immersed  section  at  load  draft  of  4  f t ,  85  sq*  ft. 

Excises. — Vertical  beam.  Diameter  of  cylinder,  36  ins.  Length  of  stroke,  10  ft. 
Maximum  pressure  of  steam,  50  lbs.  Cut-olf,  5  ft.  Maximum  revolutions  at  above 
pressure,  27. 

Boiler. — One — Return  tubular.  Length  of  boiler,  24  ft.  Breadth  do.,  furnace,  10 
ft.,  shell,  8  ft.  6  ins.  Number  of  furnaces,  two.  Breadth  do.,  4  ft.  6  ins.  Length  of 
grate  bars,  7  ft.  Number  of  tubes,  above,  140.  Do.  flues,  below,  10.  Internal  diame- 
ter of  tubes,  above,  2|  ins.  Do.  flues,  below,  6  of  12  ins.,  2  of  9  ins.,  and  2  of  13  ins. 
Length  of  tubes,  above,  10  ft.  Heating  surface,  2200  sq.  ft.  Diameter  of  smoke-pipes, 
3  ft.  6  ins.     Height  do.,  50  ft. 

Paddle  Wheels. — Diameter  over  boards,  26  ft.  Length  of  blades,  6  ft.  6  ins.  Num- 
ber of  do.,  22. 

Remarks. — Two  box  keelsons  and  four  plate  keelsons  running  fore 
and  aft.     Iron  in  hull,  136,000  ibs. 

Trial  in  May,  1859.  C.  H.  H. 
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Particulars  of  the  Stern-wheel  Steamer  Vencedor. 

Hull  l)iillt  by  Snmucl  Sru'dcn  k  Co.  Machinery  by  II.  Ester  & 
Co.,  New  York.  Designed  by  T.  F.  llowland,  engineer.  Owners, 
Magdiilena  Steam  Navigation  Co.   Intended  service,  Magdalena  lliver. 

l\[:xu — Length  on  dock,  155  ft.  Do.  at  load  line,  150  ft.  Breadth  of  Iteam  (molded), 
24  ft.  Depth  of  hold  to  spar  deck,  5  ft.  Frame — molded,  fi  ins. — sided,  4  ins.— apart 
from  centres,  24  ins.  Bulkheads,  two.  Bottom  plank,  2  ft.  5  ins.  thick,  of  yellow 
pine.  Sides,  2  ins.  thick,  do.  do.  Decks,  white  })ine,  2  ins.  thick.  Promenade  deck, 
do.,  I  in.  thick.  Hurricane  do.,  do.,  ^-in.  do.  Draft,  forward  and  aft,  loaded,  3  ft.  6  ins. 
Area  of  immersed  section  at  load  draft  of  3  ft.  5  ins.,  82  sq.  ft. 

Engines. — Inclined  direct.  Diameter  of  cylinder,  16  ins.  Length  of  stroke,  6  ft. 
Maximum  pressure  of  steam,  120  lbs.  Cut-off,  variable.  Maximum  revolutions  at  above 
pressure,  35. 

BoiLER.—  One— Locomotive.  Length  of  boiler.  18  ft.  8  ins.  Breadth  do.,  8  ft.  1  in. 
Height  do.  exclusive  of  steam  chimney,  7  ft.  6  ins.  Number  of  furnaces,  2.  Breadth 
do.,  3  ft.  6  ins.  Length  of  grate  bars,  6  ft.  Number  of  tubes.  138.  Internal  diameter 
of  do.,  3  ins.  Length  of  do.,  12  ft.  Healing  surface,  1500  sq.  ft.  Diameter  of  smoke- 
pipes,  3  ft. 

Paddle  Wheels. — Diameter  over  boards,  16  ft.  Length  of  blades,  17  ft.  Depth  of 
do.,  15  ins.     Number  of  do.,  15.  C.H.H. 


On  Light-house  Illumination. —  The  Electric  Light.*  By  Prof.  Fara^ 

DAY,  D.C.L.,  F.R.S. 

[Royal  Institution  of  Great  Britain.] 

The  use  of  light  to  guide  the  mariner  as  he  approaches  land,  or  passes 
through  intricate  channels,  has,  with  the  advance  of  society  and  its 
ever  increasing  interests,  'caused  such  a  necessity  for  means  more 
and  more  perfect,  as  to  tax  to  the  utmost  the  powers  both  of  the  phi- 
losopher and  the  practical  man,  in  the  development  of  the  principles 
concerned  and  their  efficient  application.  Formerly  the  means  Avere 
simple  enough  ;  and  if  the  light  of  a  lantern  or  torch  was  not  sufficient 
to  point  out  a  position,  a  fire  had  to  be  made  in  their  place.  As  the 
system  became  developed,  it  soon  appeared  that  power  could  be  ob- 
tained, not  merely  by  increasing  the  light,  but  by  directing  the  issuing 
rays  ;  and  this  was  in  many  cases  a  more  powerful  and  useful  means 
than  enlarging  the  combustion ;  leading  to  the  diminution  of  the  volume 
of  the  former  with,  at  the  same  time,  an  increase  in  its  intensity.  Direc- 
tion was  obtained,  either  by  the  use  of  lenses  dependent  altogether 
upon  refraction,  or  of  reflectors  dependent  upon  metallic  reflection. 
[And  some  ancient  specimens  of  both  were  shown.]  In  modern  times 
the  principle  of  total  reflection  has  also  been  employed,  which  involves 
the  use  of  glass,  and  depends  both  upon  refraction  and  reflection.  In 
all  these  appliances  much  light  is  lost ;  if  metal  be  used  for  reflection, 
a  certain  proportion  is  absorbed  by  the  face  of  the  metal ;  if  glass  be 
used  for  refraction,  light  is  lost  at  all  the  surfaces  where  the  ray  passes 
between  the  air  and  the  glass ;  and  also  in  some  degree  by  absorption  in 

*  From  the  Loud.  Ed.  and  Dub.  Phil.  Mag.,  April,  1860. 
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tlic  l)0(ly  of  the  <x1;\ss  itself.  Tlioro  is,  of  coiirso,  no  power  of  actually 
iiu'reasin«x  tlio  wiiolo  ainouut  of  light,  by  any  o})tical  arrangeincnt  as- 
sociated with  it. 

The  li^ht  which  issues  forth  into  space  must  have  a  certain  amount 
of  divergence.  The  divergence  in  the  vertical  direction  must  he  enough 
to  cover  the  sea  from  the  horizon,  to  within  a  certain  moderate  distance 
from  the  shore,  so  that  all  ships  within  that  distance  may  have  a  view 
of  their  luminous  guide.  If  it  have  less,  it  may  escape  observation 
where  it  ought  to  be  seen;  if  it  have  more,  light  is  thrown  away  which 
ought  to  be  directed  within  the  useful  degree  of  divergence;  or,  if 
the  horizontal  divergence  be  considered,  it  may  be  necessary  so  to 
construct  the  optical  apparatus,  that  the  light  within  an  angle  of  G0° 
or  45°  shall  be  compressed  into  a  beam  diverging  only  1')°,  that  it 
may  give  in  the  distance  a  bright  Hash  having  a  certain  duration  in- 
stead of  a  continuous  light, — or  into  one  diverging  only  5°  or  6°,  which, 
though  of  far  shorter  duration,  has  greatly  increased  intensity  and 
penetrating  power  in  hazy  weather.  The  amount  of  divergence  de- 
pends in  a  large  degree  upon  the  bulk  of  the  source  of  light,  and  can- 
not be  made  less  than  a  certain  amount,  with  a  flame  of  a  given  size. 
If  the  flame  of  an  Argand  lamp,  -J  of  an  inch  wide  and  1 J  inch  high, 
be  placed  in  the  focus  of  an  ordinary  Trinity  House  parabolic  reflector, 
it  will  supply  a  beam  having  about  15°  divergence;  if  we  wish  to  in- 
crease the  eff"ect  of  brightness,  we  cannot  properly  do  it  by  enlarging 
the  lamp  flame;  for  though  lamps  are  made  for  the  dioptric  arrange- 
ment of  Fresnel,  which  have  as  many  as  four  wicks,  flames  3J  inches 
wide,  and  burn  like  intense  furnaces,  yet  if  one  be  put  into  the  lamp 
place  of  the  reflector  referred  to,  its  cfi"ect  would  chiefly  be  to  give  a 
beam  of  wider  divergence ;  and  if  to  correct  this,  the  reflector  were 
made  with  a  greater  focal  distance,  then  it  must  be  altogether  of  a  much 
larger  size.  The  same  general  result  occurs  with  the  dioptric  appara- 
tus ;  and  here,  where  the  four-wicked  lamps  are  used,  they  are  placed 
at  times  nearly  40  inches  distant  from  the  lens,  occasioning  the  neces- 
sity of  a  very  large,  though  very  fine,  glass  apparatus. 

On  the  other  hand,  if  the  light  could  be  compressed,  the  necessity 
for  such  large  apparatus  would  cease,  and  it  might  be  reduced  from 
the  size  of  a  room  to  the  size  of  a  hat;  and  here  it  is  that  we  seek  in 
the  electric  spark,  and  such  like  concentrated  sources  of  light,  for  aid 
in  illumination.  It  is  very  true,  that  by  adding  lamp  to  lamp,  each. 
•with  its  reflector,  upon  one  face  or  direction,  power  can  be  gained  ;  and 
in  some  of  the  revolving  lights,  ten  lamps  and  reflectors  unite  to  give 
the  required  flash.  But  then  not  more  than  three  of  these  faces  can  be 
placed  in  the  whole  circle;  and  if  a  fixed  light  be  required  in  all  directions 
round  the  light-house,  nothing  better  has  been  yet  established  than  the 
four-wicked  Fresnel  lamp  in  the  centre  of  its  dioptric  and  catadioptric 
apparatus.  Kow  the  electric  light  can  be  raised  up  easily  to  an  equality 
with  the  oil  lamp,  and  if  then  substituted  for  the  latter,  will  give  all 
the  eff'ect  of  the  latter;  or  by  expenditure  of  monc}^  it  can  be  raised 
to  a  five  or  tenfold  power,  or  more,  and  will  then  give  five  or  tenfold 
efi*ect.     This  can  be  done,  not  merely  without  increase  of  the  volume 


46  Mechanics^  Physics^  and  Chemistry, 

of  tlio  li<^l»t,  ])ut  ^vllilst  tlie  li^i^lit  sluill  luivc  a  volumo  scarcely  the  2000th 
])art  of  that  of  the  oil  llaine.  Jleuce  tlie  extraordinary  assistance  we 
may  expect  to  obtain  hy  diniinisliing  the  size,  and  perfecting  the  optical 
part  of  the  apparatus. 

Many  coni])resscd  intense  li^lits  liave  heen  suhmitted  to  the  Trinity 
House  ;  and  that  corporation  lias  shown  its  great  desire  to  advance  all 
such  objects  and  improve  the  lighting  of  the  coast,  by  spending,  upon 
various  occasions,  much  money  and  much  time  for  this  end.  It  is 
manifest  that  the  use  of  a  light-house  must  be  never  failing,  its  service 
ever  sure  ;  and  that  the  latter  cannot  be  interfered  with  by  the  intro- 
duction of  any  plan,  or  proposition,  or  apparatus,  which  has  not  been 
developed  to  the  fullest  possible  extent,  as  to  the  amount  of  light  pro- 
duced,— the  expense  of  such  a  light, — the  wear  and  tear  of  the  appa- 
ratus employed, — the  steadiness  of  the  light  for  16  hours, — its  liability 
to  extinction, — the  amount  of  necessary  night  care, — the  number  of 
attendants, — the  nature  of  probable  accidents, — its  fitness  for  secluded 
places,  and  other  contingent  circumstances,  which  can  as  well  be  ascer- 
tained out  of  a  light-house  as  in  it.  The  electric  spark  which  has  been 
placed  in  the  South  Foreland,  High  Light,  by  Prof.  Holmes,  to  do 
duty  for  the  six  winter  months,  had  to  go  through  all  this  preparatory 
education  before  it  could  be  allowed  this  practical  trial.  It  is  not  ob- 
tained from  frictional  electricity,  or  from  voltaic  electricity,  but  from 
magnetic  action.  The  first  spark  (and  even  magnetic  electricity  as  a 
whole)  was  obtained  twenty-eight  years  ago.  (Faraday,  Philosophical 
Transactions,  1832,  p.  32.)  If  an  iron  core  be  surrounded  by  wire, 
and  then  moved  in  the  right  direction  near  the  poles  of  a  magnet,  a 
current  of  electricity  passes,  or  tends  to  pass,  through  it.  Many  power- 
ful magnets  are  therefore  arranged  on  a  wheel,  that  they  may  be 
associated  very  near  to  another  wheel,  on  which  are  fixed  many  he- 
lices with  their  cores  like  that  described.  Again,  a  third  wheel  con- 
sists of  magnets  arranged  like  the  first ;  next  to  this  is  another  wdieel 
of  the  helices,  and  next  to  this  again  a  fifth  wheel  carrying  magnets. 
All  the  magnet-wheels  are  fixed  to  one  axle,  and  all  the  helix  wheels 
are  held  immovable  in  their  place.  The  wires  of  the  helices  are  con- 
joined and  connected  with  a  commutator,  which,  as  the  magnet-wheels 
are  moved  round,  gathers  the  various  electric  currents  produced  in 
the  helices,  and  sends  them  up  through  two  insulated  wires  in  one  com- 
mon stream  of  electricity  into  the  light-house  lantern.  So  it  w^ill  be 
seen  that  nothing  more  is  required  to  produce  the  electricity  than  to 
revolve  the  magnet-wheels.  There  are  two  magneto-electric  machines 
at  the  South  Foreland,  each  being  put  in  motion  by  a  two  horse  power 
steam  engine ;  and,  excepting  wear  and  tear,  the  whole  consumption 
of  material  to  produce  the  light  is  the  coke  and  water  required  to  raise 
steam  for  the  engines  and  carbon  points  for  the  lamp  in  the  lantern. 

The  lamp  is  a  delicate  arrangement  of  machinery,  holding  the  tw^o 
carbons  between  w^hich  the  electric  light  exists,  and  regulating  their 
adjustment;  so  that  whilst  they  gradually  consume  away,  the  place 
of  the  light  shall  not  be  altered.  The  electric  wires  end  in  the  two 
bars  of  a  small  raihvay ;  and  upon  these  the  lamp  stands.  When  the 
carbons  of  a  lamp  are  nearly  gone,  the  lamp  is  lifted  off  and  another 
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nstantlv  puslicd  into  its  place.  Tlie  macliincs  and  lamp  have  done 
\w\Y  duty  during  the  past  six  months  in  a  real  and  practical  manner, 
riie  light  has  never  gone  out  through  any  deficiency  or  cause  in  tho 
.MiL!;ine  and  machine  house  ;  and  uhen  it  has  heconie  extinguished  in 
:he  lantern,  a  single  touch  of  the  keeper's  hand  has  set  it  shining  as 
jright  as  ever.  Tlie  light  shone  up  and  down  the  Channel,  and  across 
nto  France,  with  a  power  far  surpassing  that  of  any  other  fixed  light 
ivithin  sight,  or  anywhere  existent.  The  experiment  has  heen  a  good 
.Hie.  Tliere  is  still  the  matter  of  expense  and  some  other  cire-um- 
5tanccs  to  be  considered  ;  but  it  is  the  hope  and  desire  of  tho  Trinity 
House,  and  all  interested  in  the  subject,  that  it  should  ultimately 
justify  its  full  adoption. 


For  the  Journal  of  the  Franklin  Institute. 

Particulars  of  the  Steamer  Daniel  Drew. 

Hull  built  by  Thomas  Colyer.  Machinery  by  Neptune  Iron  Works, 
New  York.     Owners,  Daniel  Drew  and  others. 

Hull. — Length  on  deck,  251  ft.  8  ins.  Do.  at  load  line,  241  ft.  Breadth  of  beam 
(molded),  30  ft.  6  ins.  Depth  of  hold  to  .«;par  deck,  9  ft.  3  ins.  Frames — molded,  1.5^ 
ins. — sided,  4  ins. — apart  from  centres,  30  ins.  Keel,  depth,  3  ins.  Draft,  forward  and 
aft,  4  ft.  6  ins. 

Engine. — Vertical  beam.  Diameter  of  cylinder,  60  ins.  Length  of  stroke,  10  ft. 
Maximum  pressure  of  steam, 35  lbs.  Cut-ofl',  one-half.  Maximum  revolutions  at  above 
pressure,  26. 

Boilers. — Two — Return  flued.  Length  of  boilers,  29  ft.  Breadth  do.,  at  furnace,  9 
ft.,  at  shell,  8  ft.  Height  do.,  exclusive  of  steam  chimney,  9  ft.  4  ins.  Number  of  fur- 
naces, two.  Length  of  grate  bars,  7  ft.  Number  of  flues,  above,  14;  below,  10.  Inter- 
nal diameter  of  do.,  above,  9|  ins.  Do.  do.,  below,  2  of  13^  ins.,  1  each  of  13,  1 1,  and 
7i  ins.  Length  of  do.,  above,  22  ft.  Heating  surface,  3350  sq.  ft.  Diameter  of  smoke- 
pipes,  4  ft.     Height  do.,  32  ft. 

Paddle  Wheels. — Diameter  over  boards,  29  ft.  Length  of  blades,  9  ft.  Depth  of 
do.,  26  ins.     Number  of  do.,  24. 

Remarks. — One  independent  steam,  fire,  and  bilge  pump. 

This  steamer  has  been  built  to  attain  a  very  high  speed,  having  a 
very  easy  and  a  very  superior  model.  The  velocity  of  the  periphery 
of  her  water-wheel  blades  is  27  miles  an  hour. 

Date  of  trial,  May,  1860.  C.  H.  II 


British  3Iodular  Standard  of  Length*  By  J.  F.  W.  Herschel. 

It  may  not  be  unwelcome  to  the  scientific  portion  of  your  readers  to 
have  their  attention  directed  to  a  simple  numerical  relation  between 
our  actual  parliamentary  standard  of  length  and  the  dimensions  of  the 
earth,  which,  in  effect,  puts  us  in  easy  possession  of  a  "  modular  "  sys- 
tem, which  might  be  decimalized,  and  which,  abstractedly  considered, 

*  From  the  Lond.  Athenaeum,  April,  1330. 


48  Mechanics^  Phi/sics,  and  Chemistry. 

is  far  more  scientific  in  its  origin,  and,  numerically,  very  far  more  ac 
curate  than  the  boasted  metrical  system  of  our  French  neighbors.  I 
is  simply  this, — if  the  British  Imperial  standard  inch  were  increasec 
by  one-thousandth  ])art  it  ^vould  be,  with  all  but  mathematical  precision 
one  five-hundred-millionth  j)art  of  the  earth's  axis  of  rotation. 

The  calculations  of  the  present  Astronomer  Royal,  published  in  tli( 
year  1830,  have  determined  the  lenf^th  of  this  axis  at  41,707,020  feet 
tliat  is  to  say,  r)00,401,440  inches  of  our  Imperial  standard.     Thos( 
of  liessel,  published  in  1(S41,  at  500,487,744  such  inches.    More  re- 
cently an  elaborate  rcaume  of  the  Avhole  subject,  by  M.  Schubert,  has 
conducted  him  to  three  separate  and  independent  conclusions,  based 
on  arcs  measured  each  in,  or  near,  a  meridian  appropriate  to  the  coun- 
try in  which  they  have  been  performed,  viz  :  the  Russian,  the  Britisli 
Indian,  and  the  French  arcs.     The  Russian  and  the  Indian  combina- 
tions give  respectively  500,532,120  and  500,550,168,  while  the  French 
arc  gives  only  500,308,920.    M.  Schubert  rejects  the  latter  altogether : 
but  the  propriety  of  doing  so  appears  to  Mr.  Airy  questionable  on 
grounds  which  we  consider  so  far  reasonable  as  to  entitle  it  to  at  least 
half  the  weight  of  either  of  the  former.     On  the  other  hand,  M.  Schu- 
bert, in  computing  his  mean  result,  assigns  to  the  Russian  result  double 
the  weight  of  the  Indian, — a  decision  in  which  I  can  by  no  means  ac- 
quiesce.   Allowing  to  each  of  the  former  the  weight  2,  and  to  the  latter 
1,  the  final  conclusion  from  this  calculation  is  500,506,699  ;  and  from 
the  mean  of  Airy,  Bessel,  and  Schubert,  500,495,294,  which   differ^i 
from  500,500,000  by  less  than  its  hundred-and-six-thousandth  part. 
This  then  is  the  fractional  error  of  our  "  modular  "  unit  in  proportion 
to  its  own  length  of  1-001  British  standard  inch,  or  that  of  a  '-module  " 
of  50-05  such  inches,  which,  in  this  view  of  the  subject,  might  be  taken 
for  the  British  unit  of  linear  measure,  or  one  ten-millionth  of  the  earth's 
axis.     The  Astronomer  Royal,  in  discussing  these  computations  of  M. 
Schubert  (vol.  xx,  Notices  of  the  Royal  Astron.  Soc.  p.  105),  insists, 
very  properly,  on  the  individuality  of  the  polar  diameter  of  the  earth 
as  compared  with  its  equatorial  diameters,  which  difi'er  materially  in  dif- 
ferent meridians  (having  regard  to  an  imaginary  sea-level,  and  inde- 
pendently of  the  heights  of  mountains  or  continents).     If  any  axis  be 
chosen  for  a  scientific  unit  it  should  assuredly  be  the  polar  axis.    The 
nature  of  things  gives  this  an  absolute,  indefeasible  preference  to  every 
other,  not  excepting  even  that  of  the  equator  in  the  meridian  of  Paris 
itself. 

Every  geometer  wnll  agree  that  the  radius  of  a  circle  is  a  more 
fundamental  or  primary  parameter,  or  unit  of  linear  dimensions, 
than  its  circumference.  To  beings  of  other  psychological  constitution 
than  mauj  it  may  be  otherwise ;  but  take  the  genus  liomo  and  the  spe- 
cies geometer  as  they  stand,  this  is  a  fact.  A  fortiori^  the  axis,  major 
or  minor,  of  an  ellipse  is  a  more  primary  and  fundamental  unit  of  its 
dimensions  than  its  periphery,  leaving  the  question  as  to  which  axis, 
major  or  minor,  to  be  decided  on  its  own  grounds. 

The  French  metre  is  assumed  to  be  the  ten-millionth  part  of  the 
quadrant  of  the  earth's  elliptic  meridian  passing  through  Paris.     Its 
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alnc  is  authoritatively  statcMl  in  tlio  Annuary  of  the  Froncli  Board  of 
jon^ltiulo  at  iit>^>7071>  IJritish  Imperial  standard  inches;  and,  there- 
ore,  in  reference  to  the  natural  unit  in  which  it  originates,  is  erroneous 
>y  one  part  in  8400  of  its  proper  lenf^th,  that  is  to  say,  between  12 
.nd  13  limes  more  in  proportioti  than  our  proposed  modide. 

The  adoption  of  such  a  "  British  Modular  System  "  of  measure  rc- 
[uires  no  Act  of  Parliament.  It  is  so  easy  to  convert  "  Imperial  stand- 
rd "  lengths,  of  whatever  denomination,  into  "British  modular'* 
CHixths  of  the  same  denomination  by  subtracting  (or  modular  into  im- 
>erial  by  adding)  one-thousandth,  that  it  is  not  worth  while  to  Icgis- 
ate  on  the  subject,  so  far  as  measures  of  length  arc  concerne;!.  Tho 
iifference  between  one  part  in  1000  and  one  in  999,  in  the  conversion 
nd  re-conversion,  being  only  one  in  999,000,  is  of  no  importance  what- 
ver.  Nor  is  it  worth  while  to  change  our  ordinary  parlance.  1  foot 
ir  1  yard,  in  1000,  is  a  difference  telling  as  nothing  in  any  practical 
ontract  for  work  on  a  great  scale.  On  a  small  one  it  is  quite  inap- 
)reciable.  The  scientific  man  only  is  interested  in  it ;  and  it  suffices 
lim  to  know  (and  the  knowledge,  to  him,  is  important)  that  he  can 
efer  all  his  measurements  to  the  best  unit  nature  affords,  by  subtract- 
ng  a  thousandth  (that  is,  by  writing  his  figures  twice  over,  in  two 
incs,  one  under  the  other,  shifting  the  lower  three  figures  to  the  right, 
,nd  executing  a  subtraction  sum)  far  better  than  by  referring  to  the 
hmuaires  des  Bureaux  of  metricized  countries,  and  performing  a 
alculation  of  greater  complexity,  landing  him  in  twelve  or  thirteen 
imes  the  amount  of  error.  Of  course,  I  am  not  speaking  of  a  system 
>f  decimalization.  To  decimalize  our  measures  we  must  reduce  them 
o  "  moduhir  inches,"  or  to  "  modules  "  of  50  such  inches  ;  but  we  may 
peak  of  modular  miles,  yards,  feet,  or  inches  with  reference  to  a  modu- 
ar  unit,  while  retaining  the  associations  cf  our  actual  metrical  sys- 
em.  A  similar  remark  applies  to  the  Russian  metrical  system,  which 
s  based  upon  the  English — the  fundamental  unit  being  the  Sagene  of 
'  British  feet. 

I  ought,  in  fairness,  to  mention  that  my  attention  was  drawn  in  tho 
irst  instance  to  this  rapprochement  by  the  statement,  over  and  over 
Lgain  repeated  in  Mr.  Taylor's  recent  work,  entitled  "The  Great 
pyramid,  Why  was  it  Built?  &;c."  (Longman,  1859)  (pp.  35,  36,  67, 
J7,  280,  298,  kc.^)  that  the  diameter  of  the  eirth  in  the  latitude  of  the 
Pyramid  is  41,666,667  English  feet,  or  500,000,000  of  English  inches ; 
^-hich  it  is  not :  and  it  is  singular  that  the  reduction  of  Mr.  Airy's 
)olar  axis  from  feet  to  inches,  in  page  87,  which  is  rightly  performed, 
loes  not  appear  to  have  suggested  the  least  misgiving  as  to  the  cor- 
•ectness  of  the  statement,  or  (which  is  more  to  our  present  purpose) 
ed  him  to  notice  the  important  practical  facility  of  reduction  from  the 
jarliamentary  to  the  modular  standard  atove  insisted  on.  It  is  not 
ny  object  here  to  criticize  the  work  in  question,  which,  in  the  midst 
)f  much  confusion  and  no  small  amount  of  error,  contains  some  valuable 
md  (so  far  as  we  are  aware)  original  remarks.  Of  these  I  may  raen- 
:ion  the  conclusion  its  author  has  drawn  from  the  angle  of  slope  of  the 
2asing-stones  discovered  by  Col.  Vyse,  that  the  builders  of  the  Pyra- 
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mid  wore  MCiju.'iinted  with  tlu?  ratio  of  the  circumference  of  a  circle  ta 
its  diaiiK'ter — a  piece  of  kno\vled;j;e  they  were  desirous  to  embody  in 
itH  dimensions.  In  fact,  tlie  slope  of  the  original  faces  of  the  Pyramid 
comes  out  from  Vyae's  (or  Perring's)  measurement  of  the  linear  dimen- 
sions of  tliese  stones,  51°  52'  15^^',  and  hy  lirettel's  measure  of  their 
an<,^le,  51"  50'  0",  the  mean  of  which  diilers  only  hy  a  sincjle  second 
from  the  angle  whose  cotangent  is  the  length  of  an  arc  of  45°  of  the 
circle,  so  as  to  make  the  whole  periphery  of  the  base  all  but  mathe- 
matically equal  to  the  circumference  of  a  circle  described  with  the 
height  for  a  radius.  So  stated,  the  coincidence  is  certainly  very  striking. 
It  by  no  means  follows,  however,  that  the  ancient  Egyptians  were  in 
possession  of  any  calculus  by  which  they  could  have  arrived  at  a  theo- 
retical knowledge  of  the  true  ratio.  It  should  be  observed  that  the 
linear  measures  above  mentioned  are  given  only  to  entire  inches,  and 
those,  inches  of  a  scale  which  may  or  may  not  have  been  verified  with 
extreme  precision,  and  therefore  can  lay  no  claim  to  minute  accuracy. 
Computing,  moreover,  on  these  measures  alone,  the  ratio  of  the  peri- 
phery to  the  height  comes  out  6*2784,  while  that  resulting  from  the 
direct  measure  of  the  angle  is  6-2878,  the  true  ratio  being  6-28S2. 
The  individual  results  differ  by  one  640th  part  of  the  whole  quantity, 
and  as  avc  do  not  know  with  what  instruments  or  what  precautions  the 
angle  was  measured,  and  it  is  given  only  to  the  nearest  minute,  it  seems 
but  reasonable  to  admit  an  equal  proportional  latitude  of  uncertainty 
in  the  original  workmanship  and  in  the  numerical  relation  to  which  it 
was  intended  to  conform.  Now  this  is  a  very  considerable  approxi- 
mation, much  better  than  that  of  Archimedes  a  thousand  years  later. 
Still,  it  would  be  easy  for  people  in  possession  of  such  appliances  a3 
they  must  have  had  at  command,  to  ascertain  the  ratio  in  question  to 
this,  or  even  to  a  greater  degree  of  precision,  by  tracing,  for  instance, 
on  a  flat  pavement  a  circle  of  100  feet  in  diameter  and  actually  mea- 
suring the  circumference.  This  they  certainly  might  have  done  to  the 
nearest  half-foot,  which,  on  a  length  of  314  feet,  would  correspond  to 
such  a  latitude  of  error.  If  aware  of  the  importance  of  the  problem, 
they  might  have  gone  much  further. 

But,  again,  it  by  no  means  follows,  from  any  thing  which  the  dimen- 
sions of  the  Pyramid  indicate,  that  they  did  possess  a  knowledge  of 
the  ratio  of  the  circumference  of  a  circle  to  its  diameter,  even  approxi- 
mately. By  a  very  remarkable  coincidence,  which  Mr.  Taylor  has- 
the  merit  of  having  pointed  out,  the  same  slope,  or  one  practically  un- 
distinguishable  from  it  (51°  49'  46"),  belongs  to  a  pyramid  charac- 
terized by  the  property  of  having  each  of  its  faces  equal  to  the  square  - 
described  upon  its  height.  This  is  the  characteristic  relation  which, 
Herodotus  distinctly  tells  us,  it  was  the  intention  of  its  builders  that  it 
should  embody,  and  which  we  now  know  it  did  embody,  in  a  manner 
quite  as  creditable  to  their  workmanship  as  the  solution  of  such  a  prob- 
lem was  to  their  geometry.  This  problem,  however,  has  no  relation 
to  that  of  the  rectification  of  the  circle.  The  coincidence  is  one  as 
purely  accidental  as  any  thing  relating  to  abstract  number  can  be ;  and 
although  in  solving  the  one  problem  which  "we  know  they  did  intend, 
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tlioy  at  the  same  time,  practically  speakin;^,  resolved  another  ^vliieh 
staiuls  in  no  rational  connexion  with  it,  or  any  connexion  beyond  thut 
of  happenin«]j  to  have,  very  approximately,  the  same  numerical  soliitioji, 
— we  are  not  entitled  to  conclude  that  they  were  awjire  of  this  coinci- 
dence, and  intendeil  to  embody  both  results  in  their  buildin<T^. 

Another  curious  and  novel  relation,  for  pointin;;  out  wliich  we  are 
indebted  to  Mr.  Ta^-lor,  is  one  ("Great  Pyramid,"  ])age  37)  which 
may  he  most  intelliirihly  expressed  under  the  folj^win;:  form  of  an- 
nouncement, viz  : — that  a  belt,  encircling  the  globe,  of  the  breadth  of 
the  base  of  the  Great  Pyramid,  would  contain  one  hundred  thousand 
millions  of  square  feet.*  If  the  feet  be  Imperial  Standard,  and  the 
bolt  E<[uatorial,  this  is  a])proximate  only  to  one  part  in  2b)8  of  tho 
Avhole.  But  if  we  suppose  the  belt  meridional,  and  tlie  area  expressed 
in  *' modular  "  square  feet,  the  approximation  is  within  one  part  in 
1100.  The  fact  is  interesting  as  offering  the  only  tolerable  approach 
in  round  numbers  to  an  arithmetical  relation  between  any  of  the  dimen- 
sions of  this  Pyramid  and  those  of  the  earth. 

*  Mr.  Taylor  has  (m  wordf)  one  hundred  millions,  which  is  a  misprint. 
Colling^rood,  April  23,  1S60. 


The  Production  of  Photographic  Images  on  Plates  of  Glass  or  Por- 
celain^ by  the  Action  of  Lights  enabling  them  to  be  permanentlg 
fixed  by  being  Burnt  in  ivith  Ceramic  Colors."^    By  Jonx  Wyard. 

The  plates  of  glass,  or  porcelain,  or  other  substance,  on  which  the 
pictures  are  to  be  produced,  may  be  glazed  prior  to  the  application  of 
the  sensitive  mixture,  or  otherwise  this  glaze  or  flux  may  be  carried 
over  the  finished  picture  before  burning.  The  first  preparation  of  the 
plates  after  cleaning  consists  in  the  application  of  the  following  sensi- 
tive mixture : — 

I  make  separate  solutions  of  gum  arabic  and  gelatine. 

Gum  Arabic,  .  ,  72  grains. 

Sat.  Sol.  Bichromate  of  Potass,  .         J  oz.  by  measure. 
Dissolve  without  heat. 

Gelatine  (Beirs)  .  .         15  grains. 

^^  ater,  .  ,  1  oz.  by  measui'e. 

Sat.  Sol.  Bichromate,     .  .  1  dr.  " 

Dissolve  in  a  water  bath.    When  cool,  add   the  sol.  bichromate. — 
Shake  well  and  filter. 
Take  of  the  solution  of — 

Gum  Arabic,  .  ^11  parts. 

Solution  of  Gelatine,       .  .  5     *' 

^Vater  Distilled,       .  .  5     " 

To  every  dram  of  this  mixture  add  9  or  10  drops  of  honey  syrup, 
formed  by  mixing  equal  parts  in  volume  of  honey  and  water,  and  fil- 
fcerincr. 

o 

*  From  the  Jooraal  of  the  Societj  of  Arts,  No.  385. 
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This  mixture  must  be  heated  gently  in  a  water  bath,  well  shaken, 
and  iiitered  thr()u<^h  liiK;  muslin. 

The  substance  on  whicli  tlic  picture  is  to  be  produced,  opal  glass, 
porcelain,  ordinary  kelp,  or  plate  ^lass,  is  slightly  warmed  by  a  fire, 
and  a  suflicicnt  (juantity  of  tlie  above  sensitive  mixture  poured  on,  in 
the  same  manner  as  a  collodion,  drained  off,  and  gradually  dried  be- 
fore a  fire.  The  film  must  be  very  even.  A  vigorous  positive  picture, 
either  IVom  a  collodion  negative,  pajxM-,  or  albumen,  or  even  an  en- 
graving, must  be  placed  in  contact  with  the  sensitive  surface,  and  the 
whole  exposed  to  light — sunlight  if  possible.  The  exact  amount  of 
exposure  is  a  matter  of  great  importance,  from  six  to  ten  minutes  in 
good  sunshine  is  in  most  cases  sufficient. 

"When  removed  from  the  light  a  negative  image  should  be  visible, 
the  action  of  the  light  darkening  and  hardening  the  sensitive  layer  to 
a  much  greater  degree  when  using  the  above  mixture  than  when  using 
plain  gelatine.  The  sunned  parts  are  harder,  and  the  unsunned  softer, 
than  is  the  case  with  gelatine  alone.  The  advantage  I  take  of  this 
hardening  effect  of  light  on  the  film  of  the  above  will  be  apparent  in 
the  next  stage  of  the  process. 

I  produce  a  positive  image  in  ceramic  color  on  the  plate.  This  is 
effected  by  carrying  over  the  surface  of  the  plate  the  color  in  a  fine 
state  of  division,  by  means  of  a  pad  of  cotton  wool,  well  charged  with 
the  required  color.  Its  successful  application  requires  some  experience. 
The  surface  of  the  plate  should  be  beaten  gently  and  equally,  not  rub- 
bed. The  cotton  should  occasionally  be  breathed  on,  and  re-charged 
with  color.  The  color  will  be  found  gradually  to  adhere  to  the  un- 
sunned parts  of  the  film,  and  its  application  should  be  continued  until 
the  picture  is  considered  sufficiently  powerful.  Almost  any  amount  of 
vigor  may  be  obtained. 

The  picture  is  produced  by  the  parts  not  exposed  to  light  taking 
the  color,  and  those  portions  exposed  refusing  to  take  it.  The  original 
negative  image  will  now  be  almost  lost  to  appearance  by  the  superior 
density  of  the  applied  color,  forming  the  positive  picture,  but  there 
remains  in  the  sensitive  coating  the  changed  and  unchanged  bichro- 
mate, which  it  is  necessary  to  remove. 

To  effect  this  I  apply  alcohol  to  which  has  been  added  dilute  acid  in 
the  proportion  of  six  drops  of  the  dilute  acid  to  the  drachm  of  alcohol. 

The  dilute  acid  contains  5  minims  of  ordinary  nitric  acid  to  the  drachm 
of  water.  A  bath  of  this  may  be  used,  or,  if  the  subject  is  on  a  flat 
surface,  the  liquid  can  be  poured  on.  While  on  the  plate  evaporation 
of  the  alcohol  takes  place ;  this  Avould  be  equivalent  to  adding  too 
much  dilute  acid  to  the  alcohol,  which  would  damage  the  film ;  there- 
fore, in  pouring  on  and  off  the  liquid,  care  must  be  taken  to  keep  up 
the  proportion  by  adding  a  little  pure  alcohol  occasionally. 

When  the  brown  color  of  the  changed  bichromate  disappears  the 
acid  spirit  must  be  poured  off,  and  pure  alcohol  poured  on  and  off; 
this  must  be  repeated  once  or  twice  with  fresh  quantities,  it  being 
necessary  to  remove  every  trace  of  the  acid  and  water. 

The  picture  must  be  dried  very  rapidly,  and  is  now  ready  for  burn- 
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inir,  provided  the  recipient  luis  been  previously  covered  with  a  flux  or 
i:;l:i'/(',  if  not  the  ilux  niiiy  he  applied  over  th<'  j)i('ture  in  the  foUowing 
manner.  Pour  on  a  {solution  of  Canada  bal.sani  in  spt.  turpentine. — 
Dry  the  plate  by  heat  until  the  turpentine  is  entirely  evaporated. 

Prepare  tlie  ilux,  Avhieh  may  consist  of  borax  and  <z;lass,  or  borax, 
iijlass,  and  lead,  by  irrindinn;  it  on  a  slab  with  water,  and  dryinf^.  Ap- 
ply this  (the  Ilux)  etpially  and  evenly,  by  niean.i  of  a  pad  of  cotton 
tied  up  in  very  soft  and  llexible  leather. 

AVith  respect  to  the  colors  used,  they  arc  ground  on  a  slab  with 
water,  and  dried. 

The  red  picture  is  obtained  by  peroxide  of  iron,  prepared  by  cal- 
cining the  sulphate,  and  washing  the  mass  with  successive  lots  of  boil- 
ing water ;  the  dark  brown  by  oxide  of  manganese. 


Photo-zincography.'^  By  Colonel  Sir  IIenry  James,  R.E.,  Director 

of  the  Ordnance  Survey. 

In  the  report  of  the  committee  of  which  Sir  R.  Murchison  was  chair- 
man, it  is  stated  that  the  annual  saving  effected  by  my  having  intro- 
duced this  (the  photographic)  method  of  reducing  the  Ordnance  plans 
from  the  larger  to  the  smaller  scales,  amounted  in  the  year  1858  to 
X1615.  Since  then  we  have  so  much  reduced  the  cost  of  the  photo- 
graphs, that  the  saving  which  will  be  eifected  will  amount  to  <£3o,000 
in  the  cost  of  the  survey.  Up  to  this  period  we  have  exclusively  used 
the  paper  prepared  with  nitrate  of  silver  for  printing  the  number  of 
copies  required  ;  but  we  have  made  experiments  with  the  printing 
paper  prepared  with  the  bichromate  of  potash,  gum,  and  lamp  black, 
or  any  other  pigment,  called  the  chromo-carbon  process  of  printing. 

The  action  of  light  on  a  coating  of  this  composition  produces  the 
peculiar  effect  of  rendering  it  insoluble  in  water,  and  consequently  when 
a  sheet  of  paper  coated  with  it  is  placed  in  the  printing  frame  under 
the  collodion  negative,  the  outline  of  the  plan  is  rendered  insoluble  in 
water,  and  remains  on  the  paper  when  all  the  remainder  of  the  com- 
position is  washed  away,  and  thus  we  have  a  '*  positive  "  plan  in  ink 
of  any  color  which  may  be  required. 

In  comparing  the  reduced  plans  obtained  by  this  process  with  those 
obtained  by  the  use  of  paper  prepared  with  the  nitrate  of  silver,  we  ob- 
tain no  advantage  whatever,  but,  on  the  contrary,  the  prints  are  less 
clear  and  sharp  in  their  outline. 

But  by  a  new  mode  of  treatment  of  these  chromo- carbon  prints  which 
has  been  introduced  by  Capt.  A.  de  C.  Scott,  R.E.,  who  has  charge 
of  this  branch  of  the  work,  and  Lance-Corporal  Rider,  R.E.,  who  is  a 
good  photographer,  and  also  possesses  a  considerable  knowledge  of 
chemistry,  we  can  produce  very  sharp,  clear  lines.  The  ink  of  the 
print  after  being  soaked  in  a  saturated  solution  of  caustic  potash  or 
soda  becomes,  so  to  speak,  disintegrated,  and  is  then  in  a  state  which 
enables  us  at  once  to  rub  down  the  print  and  transfer  the  outline  to 
the  waxed  surface  of  a  copper  plate  for  the  engraver.     This  promises 

*From  tlie  Lond.  Mecbanics'  Magazine,  April,  ISOO. 
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to  ])0  of  p;rofi(,  Importance  to  ns,  as  after  obtainini^  tlic  pliotop;rn plied 
reductions  of  the  maps  we  liave  hitherto  been  obli^^eil  to  make  tracings 
from  them  in  ink,  for  the  purpose  of  transferring  the  plan  to  the  cop- 
per, the  expense  and  dehiy  of  which  will  now  be  saved,  whilst  we  run 
no  risk  of  any  error  b(!ing  made;  by  the  draughtsman. 

AVo  have  also  tried  a.  njetliod  which  is  still  more  valuable  and  by 
Avhich  the  reduced  print  is  in  a  state  to  be  at  once  transferred  to  stone 
or  zinc,  from  which  any  number  of  copies  can  be  taken,  as  in  ordinary 
lithographic  or  zincographic  printing,  or  for  transfer  to  the  waxed 
surfaces  of  the  copper  plates.  To  ell'ect  this,  the  paper  after  being 
"washed  over  with  the  solution  of  the  bichromate  of  potash  and  gum, 
and  dried,  is  placed  in  the  printing  frame  under  the  collodion  negative, 
and  after  exposure  to  the  liglit,  the  whole  surface  is  coated  over  with 
lithographic  ink,  and  a  stream  of  hot  water  then  poured  over  it ;  and 
as  tlie  portion  which  was  exposed  to  the  light  is  insoluble,  whilst  the 
composition  in  all  other  parts  being  soluble  is  easily  washed  off,  we 
obtain  at  once  the  outline  of  the  map  in  a  state  ready  for  being  trans- 
ferred either  to  stone,  zinc,  or  copper  plate,  or  we  can  take  the  pho- 
tograph on  the  zinc  at  once. 

This  new  method  of  printing  from  a  negative  is  extremely  simple 
and  inexpensive,  and  promises  to  be  of  great  use  to  us.  Sheet  96,  of 
Northumberland,  has  been  transferred  to  the  copper  plate  from  impres- 
sions taken  from  this  process,  and  from  the  perfect  manner  in  which 
we  arc  able  to  transfer  the  impressions  to  zinc,  we  can,  if  required, 
print  an}''  number  of  faithful  copies  of  the  ancient  records  of  the  king- 
dom, such  as  "Doomsday  Book,"  the  "Pipe  Rolls,"  &c.,  at  a  com- 
paratively speaking  very  trifling  cost.  I  have  called  this  new  method 
Photo-zincography,  and  anticipate  that  it  will  become  very  generally 
useful,  not  only  to  government,  but  to  the  public  at  large,  for  pro- 
ducing perfectly  accurate  copies  of  documents  of  any  kind. 


Singular  Effect  of  LigJitning.^ 

At  the  November  Meeting  of  the  Philosophical  Society  of  New 
South  Wales,  held  in  the  hall  of  the  Australian  Library,  a  very  curious 
circumstance  was  brought  under  the  notice  of  the  members  present,  by 
Professor  Smith,  respecting  the  singular  effect  of  lightning  upon  a  gas- 
pipe.     Alluding  to  the  phenomenon,  the  Professor  says : — 

"  In  his  laboratory  at  the  University,  recently,  he  had  had  a  con- 
nexion made  with  the  iron  pipes  brought  up  from  the  city;  the  gas- 
pipe  w^as  laid  along  the  front  of  the  building,  below  the  surface  of  the 
ground.  The  pipe  was  a  cast  iron  one,  three  inches  in  diameter,  and 
the  connexion  with  the  laboratory  was  by  a  small  iron  pipe,  joining  a 
tin  pipe,  under  the  floor.  There  was  also  a  system  of  lead  water-pipes, 
following  nearly  the  course  of  the  tin  gas-pipe,  and  terminating  under- 
neath the  door-way,  where  the  gas-pipe  entered  the  laboratory;  at  this 
point,  or  just  inside  the  door-way,  the  tin  gas-pipe  touched  the  lead 

*  From  the  Loud.  Jour,  of  Gas  Li^htiug,  &c.,  No.  191. 
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wator-pipo.  On  Monday  afternoon,  he  loft  liis  ^as-lioldor  hnlf  full  of 
<::as — tlicrc  was  nearly  twenty  eubic  feet  in  it.  The  st(»p-cock,  between 
the  outtiicle  pipe  and  the  laboratory,  was  closed,  and  the  junction  with 
the  «;as-holder  left  open.  On  Tuesday  morning,  he  tried  to  light  the 
gas,  but  found  there  was  none.  On  going  round  to  asetTtaln  th(^  cause, 
he  found  that  his  gas-hohler  was  empty,  though  all  the  stopcocks  were 
shut;  and  then,  on  opening  the  outside  stop-cock,  he  found  that  there 
■was  no  pressure  on  the  pressure-gauge,  but  he  soon  observed  that  the 
room  was  getting  full  of  gas,  from  which  he  inferred  that  there  must 
be  somewhere  in  the  pipe  a  hole  aii  large  as  its  diameter  ;  otherwise, 
there  would  have  been  some  pressure  on  the  gauge.  It  then  occurred 
to  him  that  this  accident  might  be  connected  with  the  fact  that,  on 
^londay  afternoon,  November  14,  the  University  had  been  struck  by 
lightning  ;  in  one  of  the  shears  on  the  tower  a  deep  groove,  an  inch 
"wide,  had  been  cut  out,  and  there  was  a  terrific  crash,  suggesting  to 
those  in  the  building  tlic  idea  that  the  roof  had  fallen  in.  There  was 
a  lightning  conductor  attached  to  a  chimney  of  the  laboratory,  and 
this  entered  the  ground  eighteen  feet  from  the  gas-pipe,  terminating 
six  feet  below  the  surface,  in  a  large  copper  plate.  On  sending  for 
the  plumber  who  laid  the  pipes,  he  suggested  that  a  rat  had  gnawn 
through  the  pipe  on  finding  it  obstructing  his  way;  but,  on  taking  up 
the  flooring,  they  discovered  that  the  accident  must  have  been  due  to 
lightning.  On  the  one  side  of  the  pipe,  where  it  had  touched  the  lead 
"water-pipe,  was  an  irregular  oval  aperture,  about  an  inch  long  and 
half  an  inch  wide,  and  right  opposite,  on  the  other  side  of  the  pipe, 
was  a  smaller  rounded  aperture,  measuring  half  an  inch  by  three- 
eighths,  the  tin  being  thinned  away  as  if  it  had  been  beaten  out.  A 
lump  of  melted  tin,  weighing  45  grains,  lay  before  the  orifice.  What 
Lad  happened  was  tolerably  clear.  One  of  the  pipes  had  been  con- 
veying a  very  powerful  charge  of  electricity,  and,  coming  to  the  point 
where  it  touched  the  other,  the  electricity  preferred  changing  its  route, 
and  in  leaping  from  the  one  to  the  other,  it  made  two  great  holes. 
He  observed  that  there  was  an  indent  in  the  lead  water-pipe,  and  a 
piece  of  the  lead  melted.  It  was  a  puzzling  thing  to  account  for  the 
hole  at  the  back  of  the  pipe.  The  corner  of  a  brick  touched  it  ati 
that  part,  and  the  aperture  there  had  quite  a  different  appearance 
from  that  on  the  other  side,  the  edge  on  one  side  (next  the  brick)  be- 
ing thin  and  sharp,  while  on  the  other  it  was  thickened  and  melted. 
The  blackening  inside  the  pipe  could  be  accounted  for  by  the  gas  beinor 
decomposed  by  the  electricity.  There  were  many  curious  points  con- 
nected with  this  case.  In  the  first  place,  where  did  the  lightning  come 
from  ?  He  could  scarcely  imagine  that  the  discharge  could  have  come 
from  the  tower,  and  run  along  the  pipe,  which  was  buried  in  the  ground 
for  nearly  two  hundred  feet.  It  seemed  more  probable  that  the  dis- 
charge was  delivered  by  the  laboratory  conductor,  and  had  then  passed 
through  the  ground  to  the  gas-pipe,  though  that  was  eighteen  feet 
away.  He  thought  it  might  have  come  along  the  gas-pipe  first,  and 
then  taken  to  the  water-pipe  as  a  better  conductor.  There  was  still 
another  supposition,  however ;  and,  perhaps,  the  most  probable  one. 
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Tho  lip;litnlnp;  nii^lit  liiivc  struck  tlie  soutli-cast  corner  of  the  labora- 
tory, Jiiid,  bein^  conducted  by  tlic  lead  gutter  to  the  lead  cistern  under 
the  roof,  and  thence  down  the  water-pipe  to  the  laboratory,  making 
its  exit  by  the  gas-pipe.  If  this  8upi)osition  be  correct,  it  shows  how 
limited  was  the  protective  power  of  the  liglitning  conductor  attached 
to  a  neighboring  chimney.  The  man  at  the  turnpike  saw  the  light- 
ning strike  the  University  ;  he  described  it  not  as  a  flash  of  light,  but 
as  a  ball  of  fire,  which  came  down  in  front  of  the  building.  It  was 
remarkable  that  the  gas  was  not  ignited  by  the  electricity,  and  tho 
laboratory  set  on  fire." 

A  conversation  ensued  upon  the  subject,  remarks  being  made  upon 
the  action  of  the  lightning  as  very  remarkable,  and  Professor  Smith's 
explanations  were  considered  fully  satisfactory. 

Decay  of  Stone.'*' 

Sir  : — The  cause  of  the  destruction  of  the  stone  of  the  new  places 
at  Westminster  is  undoubtedly  the  sulphuric  acid  that  is  always  pre- 
sent in  the  atmosphere  of  London,  arising  from  the  combustion  of  coal, 
which  always  contains  a  considerable  per  centage  of  sulphur.  I  noticed 
this  destruction  of  the  stone  going  on  in  1854,  when  up  in  London 
giving  evidence  before  a  committee  of  the  Plouse.  I  then  minutely  ex- 
amined the  building,  and  found  abundant  evidence  of  decay.  My  at- 
tention was  first  called  to  this  destructive  action  of  the  sulphuric  acid 
in  the  atmosphere  of  large  towns  ten  years  ago.  Having  observed  a* 
white  efflorescence  on  the  bricks  and  stones  of  this  town  [Leeds]  wherc- 
ever  there  was  damp,  I  analyzed  and  found  it  to  be  sulphate  of  mag- 
nesia and  sulphate  of  lime.  I  also  found  sulphuric  acid  in  the  air. 
Combustion  of  coal  is  the  only  source  whence  so  considerable  a  quan- 
tity of  acid  could  be  evolved  into  the  air,  as  all  coal  contains  about  one 
per  cent,  of  sulphur,  whose  combustion  must  keep  the  air  of  large 
towns  always  acid.  This  acid  state  of  the  air  is  causing  serious  damage 
here,  as  the  only  lime  used  is  magnesian  lime.  The  sulphate  of  magne- 
sia formed  is  dissolved  during  rain,  absorbed  into  the  bricks  or  stones, 
and,  when  dry  weather  comes,  it  crystallizes  and  splits  off"  the  face  of 
the  bricks  or  stones  like  frost. 

No  magnesian  stone  or  lime  should  bo  permitted  in  large  towns?,  as 
the  acid  will  act  alike  on  the  stone  and  mortar.  The  stone  of  the  new 
palaces  is  magnesian  limestone,  and,  unless  a  protection  be  found,  all 
the  mouldings  and  other  parts  liable  to  damp  will  rapidly  decay. 

As  to  the  remedy  proposed, — an  alkaline  silicate,  or,  as  it  is  called, 
soluble  glass, — will,  in  my  opinion,  be  worse  than  the  disease,  as  the 
acid  atmosphere  will  decompose  it  as  easily  as  the  stone.  The  proper 
remedy  will  be  to  oil  the  stone  with  boiled  linseed  oil,  which  will  pre- 
vent it  being  moist  and  attracting  the  sulphuric  acid.  The  oil  will  not 
alter  the  color,  and  w^ill  efi'ectually  protect  the  stone. 

C.  L.  Dresser,  F.C.S. 

*^*  Oiling,  in  the  case  of  Caen  stone,  if  not  of  others,  is  known  to 
have  failed. — Ed. 

*  From  the  Lond.  Builder,  No.  863. 
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Adtlinpf  Numhcrs, — Mnchinefor 

Air  p]iiKiiu's, — Couipresscd 

Ahum  Lock, 

Ainal^iunrttdrs, 

Artrsian  Wells, — Boring 

A\i£;«'r, 

A-\o  HaniUes, — Fastenings  for 

Rank  Notrs. — Manufncture  of 

Barrt'l  Hciuls, — Manufacturing 

Bed  Hottom. — Spring 

Bcd-CDril  'J'ightener, 

Bed, — Spring 

Bee-hivos,  , 

Boer  Pitcher, 

Bells. — Hanging 

Belt  Fastening,  , 

Belting, 

, — Making  Rubber 

Bench  Planes, 

Vise, 

Boilers  for  Hot  water  apparatus, 
Bolts, — Heading 
Bonnet  Frames, — Manuf.  of 
Boots  and  Shoes, —  Planes  for 

, — Heels  for 

, — Overshoes  & 

Boxes, — Finishing  Wooden 

, — Metal  Caps  for    . 

Bridges, — Truss 

Brooms, — Metal  Head  for 

Buckles, 

3ullot  Ladle,  . 

Burglars  Alarm, 

3utt  Hinges, 

]!andle  Machines, — Making 
iJandles, — Moulding 
>anc  Presises, 
Caoutchouc, — Vulcanizing 


!ar  Axles, 
—  Couplings, 
!arpentcrs  Clamp, 
iarpet  Beater  and  Cleaner, 
Carriage  Seats, — Sliding 
—  Springs, 


lartridge  Cases, 

lartridges, — Filling  Metallic 

)arving  Marble,  «Scc., 

!hair  Caster, 

Iheese  Presses, 

!hucks  for  cut'g  Discs  of  paper, 

Ihurn, 


Cigar  and  Match  Cases,  . 
Clocks, — Winding  Spring  of  Air 
Clock  Weights, — Constructing 


D.  R.  Nelson, 
W.  C.  Turnbull, 
Joseph  Ziegler, 
L  W.  Knox, 
John  'i'i>noy, 
J. lines  Blake,        . 
James  E    Emerson, 
Augustus  C.  Carey, 
I,.  B.  Batchcller, 
J.  Bailey  and  J.  Decamp, 
A.  B    St  roup, 
John  H.  (J rane,   . 
Robert  Hawkins, 
L.  Hermance, 
'J\  H.  Bell. 
G.  W.  Blake,      . 
Henry  Underwood, 
Thomas  J.  May  all, 
H.  C.  Hunt, 
L.  A.  Beardsly,   . 
Edmund  B.  Cherevoy 
Hiram  Abbott,     . 
R.  T.  Wilde, 

E.  S.  Snell, 
J.  V.  Dinsmore, 
McEwen  and  Patterso 
H.  A.  Jones, 
Deidrich  and  Slocum, 
G.  O.  Bishop, 
H.  G.  Smith, 
John  C.  Hall, 
George  Rugg, 
George  W.  Bigelow, 
George  H.  Fayman, 
Michael  Massey, 
William  'J'homas, 
Eugene  Powell, 
Asahel  K.  Eaton, 
Charles  T.  Harris, 

L  Brown,  &  J  &  J  Leland, 
Ruel  Rawson, 
John  Cadwell,     , 
A.  Cutler  &  E.  S.  Wright, 
Wm.  A.  Bird,      . 
Edward  Maynard, 
George  P.  Foster, 
H.  Smith  &  D.  B.  Wesson, 
William  H.  Pease,      . 
Thomas  Fry,       • 
Myron  E.  Taft, 
Mathaus  Kaefer, 
Daniel  Deshon  C2d),  . 
Edward  Lynch,  . 
S.P.Dunham  &  A. Hippie, 
Jehu  Mitchell,      . 
P.  J    Clark, 
Charles  B.  Hoard, 
Richard  F.  Bond, 


Jackson,               Ch'o,  24 

Baltimore,            Md.  17 
10 

San  Francisco,   Cal.  24 

Austin,                  Texas,  17 

East  Pepperell,   Mass.  17 

San  Francisco,   Cal.  10 

liVnn,                   Mass.  10 

Rochester,           N.  Y.  3 

Cincinnati,           Ohio,  U 

Waldron,               Ind.  10 

Charlestown,       Mass.  .3 

Bealsville,            Penna.  24 

Sarati>ga  Spr's,  N.  Y.  17 

Washington,       D.  C.  17 

Pepperell,             Mass.  24 

City  of                  N.  Y.  10 

Roxbury,              Mass.  3 

Ottumwa,             Iowa,  24 

S.  Edfneston,      N.  Y.  24 

City  of                     "  10 

Wakeman,          Ohio,  17 

City  of                 N.  Y.  24 

N.Bridgewater,  Mass.  10 

Auburn,                Maine,  3 

Kingston,             Tenn.  17 

St.  Louis,            Mo.  24 

Philadelphia,      Penna.  3 

Hannibal             Mo.  24 

Muscatine,           Iowa,  3 

Fayette,                Miss.  3 

Potsdam,             N.  Y.  24 

New  Haven,       Conn.  10 

Washington,       D.  C.  10 

Cleveland,            Ohio,  24 

City  of                 N.Y.  3 

Conneautville,    Penna.  10 

Kings  County,   N.  Y.  3 

N.  Brunswick,    N.  J."  10 

W^orcester,           Mass.  24 

Quincy,                Mich.  3 

Cincinnati,          Ohio,  24 

City  of                N.  Y.  10 

Newark,              N.  J.  17 

Brooklyn,             N.  Y.  3 

Providence,          R.  L  10 

Springfield,         Mass.  17 

Goshen,               Ind.  10 

Brooklyn,             N.  Y.  10 

Potsdam,                  "  10 

City  of                     "  10 

Somerset,             Penna.  3 

Buffalo,                N.Y.  10 

Kilbourne,           Ohio,  17 

Aleppo  towns'p,  Penna.  17 

West  Meriden,   Conn.  3 

Watertown,         N.  Y.  3 

Cambridg^e,         Mass.  3 
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Clothcs-vvriiiffcr, 

Coal  and  Ores, — Purificalion  of 

,  ♦Sl.c, — liuckcts  for  rfiiiuv'g 

Cotiilts,  • 

Cooprrs'  Tool,  . 

Corn  Harvesters,        . 

Iluskers, 

Phmlors, 


iShellors, 

■ Sliock-biridcrs, 

Cotton  'J'liinniDf;  IMouixIik, 

IJalos, —  Mitiil  Hoops  on 

Seed  I*latilers, 

Coupling  Attiiclunent  for  Cords, 

Cradle,— Child's 

— — — , —  Infant's 

Crank, — Overcoming  Points  of 

Cultivator  Teeth, 


Cultivators, 


-Corn  &  Cotton 


-, — Hand 


Curtain  Fixture, 


-, — Window 


Cutlery, — Securing  Handles  of 
Door  Numbers, — Casting 

Eave  Troughs, — Making 

Egg-beater, 

Elevators  for  Hay,  &c.,     . 

Emery  Cloth, — Substitutes  for 

Enameling  Mouldings,  Machine 

Etching  Stone, — Composition  fot 

Evaporators, — Rotary 

Excavators, — Dirt-loading  for 

Eyelet  Machines,  . 

Faucets, — Measuring, 

Fence, — Making  Picket    . 

Fertilizers, — Sowing 

Fibrous  Materials, — Reducing 

Figures,  &c., — Copying  . 

Files, 

Fire-arms, — Breech-loading 


-Revolving 


Fire  Escape, 

Ladders, — Truck  for 

Places, 


■ Plugs, — Casting 

Fire-proof  Safes, 

Flour  Separators, 

Fluid  Lenses,  . 

Fly  Brush  or  Fan, 

Forge  Bellows, 

Fork  and  Spoon, — Culinary 

Furnaces,  . 


Elliot  Dickermnn, 
Jesse  niiirouyhs, 
.1.  S.  jjosd, 
K.  M.  iN'oves, 
J.  P.  W(.»'.ds, 
Adam  llunihcrgcr, 
N.  ']'.  Spear, 
(J.  W.  IS'.  Yost, 
Martin  A.  Howell,  Jr., 
IValhaniel  Drake, 
Calvin  Stowe,      . 
]i.  B.  Joyner, 
John  McMurtry, 
S.  P.  Sweeney, 
J.  L.  Howard, 
L.  K.  Selden, 
S.  F.  liiowks,       . 
John  P.  Cooper, 
Henian  B.  Hanimon, 
G.  C.  Aiken, 
W.  B.  Dorsay,     . 
John  G.  Christopher, 
J.  F.  Eylar, 
L  R.  Smith, 
G.  T.  Bennett,    . 
P.  S.  dinger, 
Edward  Brown, 
Joseph  Smith, 
Tanner  and  Gorton, 
R.  H.  Fisher, 

J.  T.  Fuller, 

Loomis  Mann, 

J.  M.Jay  and  J.  Danner, 

F.  F.  Fowler, 
Thomas  J.  Mayall, 
Richard  Ten  Eyck,  Jr., 
A.  Hoen,  . 

A.  H.  Miller, 

William  Cooper, 

William  Steinmetz,     . 

George  K.  Babcock, 

J.  Moore  and  A.  Kelly, 

William  D.  Mason, 

S.  M.  Allen, 

F.C.Meyer, 

Pietro  Cinquini, 

J.Letort  &  H.S.Matthews, 

Calvin  Cox,  . 

G.  P.  Foster, 
F.  D.  Newbury, 
Deckelman  and  Spiess, 
Adolphus  Lippman,    , 
Mickle  and  Carville, 
James  K.  Ross,  , 
T.  F.  Card, 

Wm.  M.  and  J.  B.  Ellis, 
Gregor  Menzel,    . 
Stephen  Hughes,         . 
Seligman  Kakeles, 
Marcus  Laveen,  , 

William  Thompson, 
Andrew  Hills,  . 

Peter  Low, 


Richmond, 

Ridgway, 

Salem, 

Ni'wark, 

Troy, 

Somerset, 

City  of 

Yellow  Springs, 

Ottawa, 

Ncnvton, 

liraccvillc, 

Hilliardston, 

Fayette  Co., 

Columbia, 

Hartford, 

Haddam, 

Weston, 

Finleyville, 

Bristolvillc, 

Nashua, 

Decatur, 

Byron, 

Scott, 

Elgin, 

Mount  Olive, 

Conestoga  Cen. 

Waterbury, 

City  of 

Paw  Paw, 

Beverly, 

Louisville, 

Ionia, 

Canton, 

Crane  towns'p, 

Roxbury, 

Brooklyn, 

Baltimore, 

La  Porte, 

Mount  Gilead, 

Philadelphia, 

Utica, 

Pittsburgh, 

Jarrett's  Depot, 

Niagara  Falls, 

Philadelphia, 

West  Meriden, 

Wytheville, 

Coxville, 

Providence, 

Albany, 

City  of 


Vt. 
Penna. 

N.  J. 

it 

N.  Y. 
Ohio, 
N.  Y. 
Ohio, 
III. 
N.  J. 
Ohio, 
N.  C. 
Ky. 

Texas, 
Conn. 

Mass. 
]'enna. 
Ohio, 
N.  H. 

III. 

Ohio, 
III. 

N.  C. 
Penna. 
Conn. 
N.  Y. 
Mich. 
N.J. 

Ky. 

Mich. 
Ohio, 

u 

Mass. 
N.  Y. 
Md. 
Ind. 
Ohio, 
Penna. 
N.  Y. 
Penna. 
Va. 
N.  Y. 
Penna. 
Conn. 
Va. 
N.  C. 
R.  L 
N.  Y. 


Lebanon, 

Cincinnati, 

Washington, 

Milwaukie, 

Hamilton, 

City  of 

Moorefield, 

Detroit, 

Naugatuck, 

Cincinnati, 


Ohio, 

(( 

D.  C. 

Wis. 

Ohio, 

N.  Y. 

Va. 

Mich. 

Conn. 

Ohio, 


American  J^Ucnts  whicJi  issued  in  Aj>ri/j  18(]0. 


jariliMi  IIoos,  .  Jdliii  K.  Allu'rlson, 

jas, —  Iiititriitnonts  for  Lighting  Dninarin  niul  llit)\vcr, 

—  l.inlils, —  Kt'llfrtor  for  Isauo  I*.  Fniik, 

—  Mriios, —  Dry      .  (.'liurlfH  L.  Vnscjncz, 

—  Kolorls, — 5Si|ilioiis  to  Harv«'v  (I'liiM, 
itast's,  — lor  (ii'iuMUtiiiij  Samuel  (vliainlicrlaiiie 
)la.«s  Moulds,                      .  ('.11.  VVariuT, 
iraiti  l)y  Sulph.  arid, —  IJloach'g  .1.  M.  Clark, 


Drying  Macliitu's, 

—  Scales, — AutouKUic 

—  Separators, 


T.  II.  MeCullocli, 
Albert  (lun)iner, 
Jacol)  Seliiief'er, 
J.  II.  Mrt.'ehee,  . 
Cleorj^e  Westinghouse 
J.  A.  Vaughn, 
John  Williams, 


, — Weighing  . 

luni  Irom  machinery, — Remov'g  Samuel  Maxwell, 

Milo  Peck, 


laminers, —  Atmospheric 

I  ami  Trucks, 
lariiess  Pads, 
lurvesttMS,  . 


Jonas  Hnderkoflcr, 
James  Ives, 
Jacob  ],.  Paxson, 
liCwis  C.  Keese, 
A.  and  \.  Kane, 


, — Cutting  appa's  for    (icorgc  Fetter, 


-Rakes  for 
farvesting  Machines, 

[at  Rack  for  Cigars,  &c., 
[afs, 

, — Manufacture  of     . 

, — \'entilators  for 

fead-supporling  Apparatus, 
[eat  Radiators, 

[oisting  Hay,  &c., — Machines 
[oisiing  Wheels, — Operating 
[orses  Feet  from  Interfering 

, — Stopping  Runaway 

[orse-powers, 


^orse-shoe  Machine, 
LOse  Tubing,  . 

on, — Manufacture  of 
— , —  Welding  Wrought 

jurnal  Boxes, 

'nife  and  Fork  Cleaner, 
Sharpener  and  Cleaner, 

adder, — Extension 
adders, — Extension 
anterns,  , 


W.  P.  Penn, 
Bennett  F.  Witt, 
Martin  Ha!lcnl)eck, 
Charles  Brauwhite, 
J.  R.  Ender, 
Warburton  and  Love 
James  Jenkinson, 
Julius  Pollock, 
Henry  C.  Howclls, 

D.  G.  Fletcher, 
J.  S.  Lloyd, 
John  McMurtry, 
William  Somerville, 
Joseph  Koehler, 
Charles  S.  Graves, 

E.  B.  Requa, 
Otis  W.  Stanford, 
T.  R.  Taylor, 
Charles  McBurney, 

W.  G.  Brown  &  F.  McKee,  Birmingham, 


E.  Deerlowns'p,  Prnna. 

IS'ew  Orleans,  La. 

Aewaik.  N.J. 

Philadelphia,  I'enna. 

New  Orb'iiiis,  L.i. 

Philadelpijia,  Peniia. 

Brooklyn,  IS,  Y. 

Philadelphia,  INima. 

Peoria,  III. 

Indianapolis,  Iiui. 

Henderson,  Ky. 

Athens,  Ala. 

Schenectady,  IS'.  \'. 
Cuyahoga  Falls,  Ohio, 

Kalamazoo,  Mich. 

Baltimore,  Md. 

New  Haven,  Conn. 

Philadelphia,  Penna. 

Mount  Carmcl,  Conn. 

ISorristnwn,  Penna. 

Phillipsburgh,  N.  J. 

City  of  N.  y. 

Philadelphia,  Penna. 

Belleville,  III. 

Dublin,  Itid. 

Albany,  N.  Y. 
Williamsburgh,       " 

Trenton,  La. 

Philadelphia,  Penna. 

Brooklyn,  N.  Y. 
Morrisania,  " 

City  of  " 

Racine,  Wis. 

Salem,  N.  J. 

Fayette  Co.,  Ky. 

City  of  N.  Y. 

Elyria,  Ohio, 

Jersey  City,  N.  J. 

Cincinnati,  Ohio, 
Cleveland,  " 

Roxbury,  Mass. 


J.  C.  Cooke, 

L  P.  Wendell, 

Sewall  Brackett, 
John  M.  Farman, 

Mickle  and  Carville, 


Middletown, 

Philadelphia, 

Fall  River, 
Hartford, 

City  of 


F.  Kavemann  and  others,   Cincinnati, 


P.  A.  Morley, 
T.  B.  De  Forest,  . 
John  Cook, 
R.  P.  Boyce, 
G.  C.  Taft, 


athes, 

eather-dressing  Machine, 

etter-copying  Presses,     . 

ightning  Rods, — Insulating  &c. Myron  Fox, 

ock,  .  .  William  E.  Worthen, 

and  Label  sheath, — comp.  Samuel  W.  Marsh, 

ocomotives,— Guide  Wheels  for  Septimus  Norris,         . 
ocom.  Engs., — Running  Gear    John  L.  Whetstone, 
ooking-glass  or  Mirror,  .  S.  F.  Brooks, 

ooms,  .  James  C.  Cooke, 


Brooklyn, 

City  of 

Buffalo, 

Erata, 

Worcester, 

Stamford, 

City  of 

Washington, 

Philadelphia, 

Cincinnati, 

Weston, 

Middletown, 


Penna. 
Conn. 

Penna. 

Mass. 
Conn. 

N.  Y. 
Ohio, 
N.  Y. 


Miss. 

Mass. 

Conn. 

N.  Y. 

D.  C. 

Penna. 

Ohio, 

Mass. 

Conn. 


3 

24 
17 
lU 

3 
10 
10 
17 
17 

3 
10 
17 
17 
24 
10 
24 

17 
2i 
2i 
10 
10 
2i 

3 
24 
10 
17 
24 
17 
10 
24 

3 
10 
17 
24 

3 
24 
17 
10 
17 
24 

3 
10 

3 
3 

10 

10 
17 

10 
24 
17 
10 

3 
17 
24 
24 
10 

3 
24 
10 
24 
10 
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American  Patents. 


Loom<«,  . 

Lubricating  Carriajje  Axles, 

Mail  Hags,  &c., — Labels  for 

Maiint'rs, 

Miiii^'k", 

Miiirli  Cano, — Portable 

Mills, — tiiimliiig 

Millstone  Uush, 

Molasses  Ciatt's, — Casting 

Morii.siiig  Machine,   . 

Tool, 

Mos(|uito  Fan, — Automatic 
Mowing  Machines, 

Ncocllc  Case, 

(Juards,  . 

Oil  Cans, 

—  Cock,  • 

— , —  Distillation  of  Coal 
Oils, 


Ilezrkiah  Conanl, 
Junics  10.  Kiiierbun, 

'J\  P.  Tiolt, 
John  H.  Ki-lly,     . 
Ceorpe  C«»onil)H,  . 

1).  Kllis  iuid  1'.  Ilinc, 
Kdiuund   MiiObon, 
Moses  French, 
M.  K.  Chace, 
Lovett  Eariies, 

Charles  A.  Gale, 

S.  Ray  &  M.  P.  Shaltcrs, 

T.  G.  Harold,      . 
Joseph  C.  Howells,      . 

William  C.  Arthur, 
James  Hare,  Jr., 
Stonibs  and  Brace, 
Luther  Atwood, 


, Hydro-carb.  **  . 

Ore, — Apparatus  for  Healing        A.  C.  Vandyke, 
Ores  of  Zinc,  &c., — Operations  to  Kobert  George,    . 

Paddle  Wheel,  .  Rollin  Germain, 

Padlock,  .  Wilson  Bohannan, 

Paper-bag  Cutter,  •  L.  D.  Barraud, 

Pen  and  Pencil  Case,  John  Cockburn, 

Stand,  .  Rooney  and  Renshaw, 

Planes  in  Moulding, — Adjusting  W.  D.  Jones, 
Ploughs,  .  D.  H.  and  E.  E.  Smith, 
.  A.  Hammond, 

.  William  D.  Ivey, 

.  M.  C.  McCullers, 

. , — Mole  .  Wall,  Roberts  «&  Carter, 

-, — Seeding  .  C  Atkinson, 

.  James  Peeler,  . 

Printing  Presses,       .  F.  O.  Degener,     . 

Prussian  Blue, — Manufacture  of  Theodore  A.  Helwig, 
Pumps,  •  Cornelius  Hood, 

■  .  Henry  Belfield, 

,  Robert  Ramsden, 

.  Levi  Matthews, 

Pumping  Water, — Wind  Mach.  F.  G.  Johnson,    . 
Pump  Valves,  .  William  Jeffers, 

Punches,  .  Adoniram  J.  FuUom, 

Quartz, — Machines  for  Crushing  Jefferson  Short, 
Mills, — Grind.  Surfaces    Ezra  Coleman,    , 

Railroad  Axle  Boxes,        .  Harvey  Rice, 

< Car  Axles,  James  Montgomery, 

Cars,  .  S.  J.  Seely, 

, — Brakes  for  City  Jenks  and  Steere, 

, — Framing  of  Thomas  M.  Mullen,    . 

»  , — Running  Gear  Richard  Hornbrook, 

. , — Starting  City  Solomon  N.  Sanford,  . 


—  Rails,  &c., — Wear  of 


Railroads, — Tracks  for  City 

Rakes,— Horse 

Reflector,— Night-light 

Refrigerator,  . 

Roofing, — Board 

Rotary  Motion, — Reciprocat'g  to  Joshua  Hathaway, 


C.  T.  Liernur,     . 

8.  M.  Fox, 

Lorenzo  Beach,    . 

John  Wyberd, 

W.  M.  Baker,      . 

Freeman  Walcott, 


Willimantic, 

Conn. 

10 

San  Francisco, 

Cal. 

17 

Washington, 

D.  C. 

24 

Citv  of 

N.  Y. 

10 

West  Fall«, 

t( 

17 

Watcrbury, 

Conn. 

24 

Utica, 

N.  Y. 

3 

licesville, 

L)d. 

3 

Fall  River, 

Mass. 

24 

Kalamazoo, 

Mich. 

17 

4( 

<t 

10 

Boston, 

Mass. 

10 

Alliance, 

Ohio, 

10 

Brooklyn, 

N.  Y. 

24 

Madison,     j 

Wis. 

10 

Baltimore, 

Md. 

10 

Paterson, 

N.J. 

17 

Newport, 
City  of 

Ky. 

N.  Y. 

10 
10 

4( 

i( 

10 

Greenupsburg, 
Mineral  Point, 

Ky. 

Wis. 

24 
3 

Buffalo, 

N.  Y. 

10 

Baltimore, 

Md. 

17 

City  of 

N.  Y. 

24 

ii 

i( 

10 

(( 

(( 

3 

Dayton, 

Ohio, 

24 

Glenn  Spring, 

S,  C. 

3 

Jacksonville, 

111. 

10 

Milford, 

Ga. 

10 

Herndon, 

« 

24 

Decatur, 

111. 

10 

Vermont, 

<t 

10 

Tallahassee, 

Fla. 

24 

City  of 

N.  Y. 

24 

Minersville, 

Penna. 

3 

Seneca  Falls, 

N.  Y. 

17 

Philadelphia, 
S.  Easton, 

Penna. 

17 
24 

Antrim, 

Ohio, 

24 

Sag  Harbor, 

N.  Y. 

3 

Pawtucket, 

R.  L 

17 

Springfield, 

Vt. 

10 

Leavenworth, 

K.  T. 

17 

City  of 

N.  Y. 

3 

Concord, 

N.  H. 

3 

Baltimore, 

Md. 

24 

Buffalo, 

N.  Y. 

24 

Providence, 

R.  L 

17 

Philadelphia, 
Cincinnati, 

Penna. 
Ohio, 

3 
24 

Cleveland, 

t( 

3 

Mobile, 

Ala. 

17 

City  of 

N.  Y. 

24 

Montrose, 

Penna. 

10 

City  of 

N.  Y. 

10 

Walpole, 
Milford, 

Ind. 
Mass. 

3 

10 

Marietta, 

Ga. 

3 

American  Patc7tt8  which  issued  in  Ajtri/y  18(J0. 


Gl 


Builillcs, — Killing 


Baslu's.— M.lallic 


5u\v-filor, 

$a\v-inills, 

^aws, 

?ialVolcls,— BuiKlcrs' 

Soalos, 

Soissdr-^, 

Seed  I'lantors, 

Seeding  Harrows, 

■ Ma  I- hi  IK'S, 


John  K.  Krlly, 
Mnrliinrr  Nrlson, 
W.  K.  Worlhcr), 
Christian   Krniiicr, 
iSaliiiori  H.  IMuiiit), 
John  Ct.  Perry,     . 
J.  S.  Tripp, 
C.  P.  Morton, 
Pearson  ("roshy, 
John  K.  Lemon, 
U.  N.  an.l  J.  C.  Bill, 
Francis  IJ.  Bowman, 
John  Rohinson, 
M'illiam  Finlay, 
James  F.  Gyles, 

— — .  Alori/o  R.  Root,   . 

A.  an.l  R.  B.  McElroy, 

.  F.  Chamherlin,    . 

'J'homas  liindsey, 

, —  Broadcast    John  Barnes, 

Sewing  Machines,  .  'J'homas  Ncwiove, 

■ Warren  Atiliar,     . 

■ .  Allen  &  Molyneux, 

, — Driv.  niech. Jonas  Perkins,     . 

Machine, — Stitch  ot'  a      J.  S.  MeC^urdy, 

Machines, — Tension  ap.  C.  G.Cross, 

Mach. needles, — ihrcad'gjohn  Stevens, 

Sextant.  .  Louis  Daser, 

Sheet  Metal, — Cutting  John  Waugh, 

Shingle  Machines, — Tilt'g  bolt     Tyrannus  P.  Butterfield, 
Shirt  Stud,  .  Henry  Simon, 

Shoemakers'  Awls,  .  B.J.Lane,  . 

Show-case  Doors,  .  Daniel  Barclay, 

Skates,  .  Bradford  Stetson, 

Slate, — Artificial    .  Thomas  J.  Mayall, 

Roof, —  Laying  .  Isaac  Mott, 

Sofa  Bedstead,       .  William  H.  Tendler, 

Sowing  Machines,  .  W.  W.  Williams, 

Staging-supporter  for  mechanics,  Azel  Reynolds,  Jr., 


Cilv  of 


Alleghany, 

Southin^jlon, 

S,  Kingston, 

Danhy, 

IMiitadelphia, 

(^ily  of 

'J'oledo, 

Willitnantic, 

Waltham, 

Sharptown, 

Schoolcraft, 


N.  Y. 


Pennn. 
(>onn. 
K.  L 

N.  y. 

I'etina. 
i\.  V. 

Ohio, 

C'onii. 

Mass. 

Md. 

Mich. 


Gilmer  towns'p.  III. 

(Canton, 

Wanpun, 

Berlin, 

Lincoln, 

Lima, 

Chicago, 


Mo. 
Wis. 

n 
111. 

IV.  Y. 
III. 

X.J. 
Mass. 
N.  Y. 
III. 
X.  Y. 

D.  (;. 

N.  Y. 

Ind. 
R.  L 


Steam  Boiler, 


Boilers, 


-,— Feed  Water 


Stone  and  Whipple, 
E.  W.  Tarbell, 

B.  H.  Wright,      . 
James  Montgomery, 
Thomas  Snowdon, 

C.  and  G.  M.  Woodward,   City  of 


Bordentown, 

Bra  in  tree, 

Brooklyn, 

Chicago, 

City  of 

Washington, 

Elmira, 

Indianapolis, 

Providence, 

S  Framingham,  Mass. 

Chicago,  III. 

Uxbridge,  Mass. 

Roxbury,  *' 

Glenn's  Falls,     ZV.  Y. 

Cambridge,  Mass. 

Elizabeth  City,   N.  C. 

N.  Bridgewater,  Mass. 

Roxb'y&Boston,     " 

Boston,  " 

Rome, 

Baltimore, 

Pittsburgh, 


Carriages, 
Engines, 


Henry  Giffard, 

G.  W.  Rains, 

Gauge,  &c., for  James  Montgomery, 
, — Spark-extin.      D.  S.  Harris, 

George  VV.  Lane, 
J.  V^.  Merrick, 
Frank  Douglas,    . 
Ormrod  C.  Evans, 


-, — Test'g  floats 


, — Gov.Valvesof  P.  L    Weimer, 

Edward  Armstrong, 

■ P.  L    Weimer, 

Generators,  .  R.  E.  Rogers, 

Trap  Valve,  John  Avery,  Jr.,  . 

.  Daniel  Lee, 

Steel, — Manufacture  of  A.  K   Eaton, 

Steering  Apparatus,  .  William  W.  Huse, 

Stones, — Machines  for  Breaking  E.  W.  Blake, 
, — Crushing  .  G.  H.  Wood, 
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Paris, 

Newburgh, 

Baltimore, 

Galena, 

Boston, 

Philadelphia, 

Norwich, 

City  of 

Lebanon, 

Pittsburgh, 

Lebanon, 

Philadelphia, 

City  of 

Boston, 

City  of 

Brooklyn, 

New  Haven, 

Green  Bay, 


N.  Y. 

Md. 

Penna. 

N.  Y. 

France 

N.  Y. 

Md. 

III. 

Mass. 

Penna. 

Conn. 

N.  Y. 

Penna. 


N.  Y. 

Mass. 

N.  Y. 

« 

Conn. 
Wis. 
6 


3 

10 
iil 

:i 

l(» 

10 
17 
'21 
10 
10 

3 

i 
17 
10 

:j 

3 

3 
10 
10 
2\ 

3 
10 
17 
17 
21- 
17 

3 
17 
24 

3 
10 
17 
24 
24 
10 
10 
10 

3 
17 
10 
17 
24 
17 

3 
10 
,  24 
24 
24 
10 

3 
17 

3 
10 

3 

3 
17 
17 
10 
17 

3 
10 
17 
24 
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American  Patents 


Stones, — Stamping  &  Crushing 
Stoves,       .  • 

, —  (/ooking 

Struw-culterri,  . 


Stunij)  Kxtrartors, 


Sugar  Cane, — Crushing 

Holder  «fe  Distributor, 

Juices, — Evuponiling 

Mills, 

-, — Crushing  Kollcrs 


Sweeping  Streets, 
Swing, — Portable 

Tanning, 

, — Concen.  Extracts 

, —  Method  of 

Teeth, —  Fastening  Artificial 

'JV.legrnph  Wires, — Insulating 

Temples  for  Looms, 

Thread  and  Yarn, — Manufac.  of 

Thills  to  Vehicles,— Attaching 

Tire  — Upsetting    . 

Tobacco  Presses, 

Tombstones,  . 

Trap, — Animal 

Traveling  Bags,    . 

Trip  Hammer, 

Yalvcs, 

Vapor  Burners, 


Lamps, 


Varnish, 

Veneers, — Machines  for  Cutting 

Vessels  of  Sheet  Metal, — Form'g 

Voting  Register, 

Vulcanized  Rubber, — Restoring 

M'^alls, — Building  Concrete 


Warming  Apparatus, — Draft  in 
"Washboard, 


Washing  Machine, 


Water  Elevators, 

Well  Buckets, 

Wheels  for  Artillery  Carriages, 

Whiffle-trees, — Self-detaching 

Window-blind  Slat  Machine, 

Window-sash  Supporters, 

Window  Sashes, 

, — Supporting 

Wind-mills,  . 

Wood,—  Polishing 
Wooden  Ware, — Making 
Writing  Desk, — Reading  and 


Jeremiah  Stevcr, 
W.  J.  Cantilo, 
Joseph  C.  Henderson, 
C.  B.  Mallory, 
Root  and  Lloyd,    . 
1*.  (y.  English, 
Caleb  Jiates, 
'J'heodore  Crundman, 
Thofiias  Lewis,    . 
Seth  W.  EellH, 
Ci.  W.  I>.  Ha/en, 
IMiilctus  W.  (iates, 
Robert  A.  Smith, 
L.  K.  Seldcn, 
David  Ncedham, 
James  Council, 
M.  A.  Bell, 
A.  M.  and  J.  L.  Asay 
John  M.  Batc.helder, 
J.  H.  Woodward, 
S.  M.  Allen, 
h.  W.  Boynton, 
T^eonard  Kile, 
E.  S.  Collins, 
Thomas  Windell, 
Levi  W.  Buxton, 
T.  R.  Dunham,    . 
David  Howell, 

Joseph  Higginbotham, 
Edward  H.  Anderson, 
Hopkins  &  Anderson, 
Oscar  F.  Morrill, 
Henry  Johnson,  . 
Andre  Sabatier, 
David  Donald, 
Koch  and  Stoeckcl, 
J.  B.  Jones, 
J.  W.  Wetmore, 
C.  F.  E.  Simon,  . 

Elizur  E.  Clark, 
(( 

Brown  and  Ellis, 
Joseph  Keech, 
Edward  Hatfield, 
Burgan  B.  Wescott, 
Patterson  and  Morell 
Josee  Johnson, 
Sharp  and  Mood, 
H.  C.  Smith, 
C.  K.  Williams,  . 
G.  W.  Tolhurst, 
James  Aldrich,     . 
Daniel  D.  Farnham, 
John  D.  Murphy, 
S,  D.  Bowkcr, 
H.  W.  Farmer,    . 
J.  W.  Briggs, 
McCoy  and  Muth, 
David  C.  Lyall, 
E.  F.  M.  Fletcher, 
George  Munger, 
Ansel  Howard,    . 
Carl  Pretsch, 


Bristol, 

Conn. 

Philadelphia, 

Penna. 

Albany, 

N.  Y. 

Fredonia, 

<( 

Muncy, 

Penna. 

Canton, 

N.  Y. 

Kingston, 

Mass. 

J^recport, 

III. 

Maiden, 

Mass. 

Mansfield, 

Ohio, 

Lidianapolis, 

Ind. 

Chicago, 

III. 

(^ity  of 

N.  Y. 

Haddarn, 

Conn. 

Oskaloosa, 

Iowa, 

Port  Huron, 

Mich. 

Rush  ford. 

N.  Y. 

Philadel[)hia, 

Penna. 

Cambridge, 

Mass. 

Nashua, 

N.  H. 

Niagara  Falls, 

N.  Y. 

Cilv  of 

t( 

Williamsfield, 

Ohio, 

Aspen  Wall, 

Va. 

New  Albany, 

Ind. 

Nashua, 

N.  H. 

Newark, 

N.  J. 

Louisville, 

Ky. 

Philadelphia, 

Penna 

Easton, 

Md. 

<i 

(< 

Boston, 

Mass. 

Washington, 

D.  C. 

City  of 

N.  Y. 

Brooklyn  (EDJ,     " 
Erie,  Penna. 

Washington  t'n,N.  J. 

New  Haven,        Conn. 


City  of 

N.  Y. 

Waterloo, 

(< 

Brownsville, 

Penna 

Camden, 

Ind. 

,           Woodbury, 

N.J. 

City  of 

N.  Y. 

Ithaca, 

(( 

.          Cleveland, 

Ohio, 

Haddonfield, 

N.J. 

Liverpool, 

Ohio, 

Washington, 

D.  C. 

Johnstown  Cen 

.  Wis. 

Baltimore, 

Md. 

Geneva, 

Ohio, 

Poultney, 

Vt. 

.         Cleveland, 

Ohio, 

Wheeling, 

Va. 

City  of 

N.  Y. 

Georgia  Plains, 

Vt. 

New  Haven, 

Conn. 

Readsborough, 

Vt. 

Trenton, 

N.J. 
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Curry-combs,  . 

Door  Locks, 
Hat-l)oilic8, — Mnkinp:, 

, —  Mauuractiirinfl^ 

l^riiitiuff  Prcssi-s, —  (Jheckinij 

■^aw-inills. 

Stoves, — RoRistors  of 

Peloj^rapha, —  Ek'ctro-maj;nrtic 

rdegraph, —  Mag.  Letter  l*rint'g  K.  E.  IIuuso, 

ADDITIONAL  IMPROVEMENTS. 


\N'illiam  \N'li«M'Ior, 

Joshua  II.  Butlcrworth, 

Eli/a  Wells, 
«t 

Alva  IJ.  Taylor, 
'J'hoiiias  .1.  W't'lls, 
AN'asiihurii  Jiace, 
8.  V.  U.  Morse, 


^annl  Boat  Propellers, 
^ilFee  Pots, 

larvrstcrs, — Cutlers  for  . 
A' ind  lasses, — Ship's 

re-issi:es. 

Joilor-foedor. —  A  utomatic 

Jnameliiig  Moldings, 

^elding  Paper, 

[nitting  Machines, 

joonis  tor  Figured  Fabrics, 

Manure  Excavators, 

Tatrices, — Mode  of  constructing  J.  C.  Smith, 

Maning  Lumber  "out  of  Wind,"  S  S  Gray  &  S  A  Woods,     Boston, 

•ailroads. — Dispensing  switches  Wm.  Wharton,  Jr., 

•toppers  for  Bottles, — Glass         T.  R.  Kartell, 

Itoves, — Coal  . 

Itraw- cutters,         « 

DESIGNS. 


Ivobort  Cart  Wright, 
H.  P.  Gatchell,    . 
John  l.Jore, 
James  Emerson, 


S.  B.  Hunt, 
Robert  Marcher, 
(ieorge  K.  Snow, 
Clark  Tompkins, 
Moses  Marshall, 
Abraham  R.  Hurst, 


C.  Eddy  and  J.  Shavor, 
Warren  Gale, 


ind irons,  (2  cases,) 
'arpets,  . 


'offins,  • 

Jooking  Range, 
'ire-dogs  (6  cases,^ 
'loor  Cloth, 

Oil  Cloth,    . 

je  Pitchers, 

'aint  Cans,  (3  cases,) 

Vessels, 

poon  Handles,     . 

.ead  Pencils, — Stamping  on 

toves, 

, —  Parlor 

'rade-marks  for  Lead  Pencils, 
'rade-mark  for  IS  euralgic  Pills, 
V^ater  Coolers, 


Samuel  Boyd,  , 

David  McNair,     . 

Francis  J.  Pierce, 

James  C.  Karr,    . 

J.  Martino  &  J.  Horton, 

Theodore  W.  Lillagore, 

Jeremiah  Meyer, 

J.  B.  Virolet, 

George  W.  Smith,       . 

W.  L.  Gilroy, 

• 
John  Polhamus,  . 
Joseph  Rosenthal,        . 
N.  S.  Vedder, 
Isaac  De  Zouche, 
Joseph  Rosenthal, 
Samuel  Armitage, 
Charles  Muller,    . 


New  Britain, 

(yonn. 

17 

Dover, 

N.J. 

3 

City  of 

N.  V. 

24 
24 

<< 

<( 

3 

i< 

ti 

3 

Seneca  Falls, 

<< 

10 

Poiighkcrpsie, 

<i 

17 

Binghampton, 

ti 

24 

Ithaca, 

N.  Y. 

3 

liavenna, 

Ohio, 

3 

Brattleboro', 
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Proceedings  of  the  Stated  Monthly  3Ieeting,  June  21,  1860. 

John  C.  Cresson,  President,  in  the  chair. 

John  Agnew,  Vice-President,  )  p 

Isaac  B.  Garrigues,  Recording  Secretary,  J 

The  minutes  of  the  last  meeting  were  read  and  approved. 
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Donations  to  the  Lil)rary  were  received  from  tlie  Royal  Astrono- 
micMl  Society,  The  Cliciiiifal  Society,  and  tlio  Institute  of  Actuaries 
of  Jiondon  ;  the  Oestcrreicliischcu  Innrcuieur-Yereines,  Vienna,  Aus- 
tria ;  tlie  Ker^ents  of  the  University  of  New  York,  Albany,  N.  Y. ;  F. 
IT.  Storer,  Esq.,  Cambridge,  Mmss.  ;  tlie  Oliio  Mechanics'  Institute, 
Cincinnijti,  Ohio;  the  State  Agricultural  Society,  Madison,  Wiscon- 
sin ;  and  from  Dr.  Alexander  Wilcocks,  Prof.  John  F.  Frazer,  and 
the  American  rhilosof)hical  Society,  IMiiladelphia. 

The  Periodicals  received  in  exchange  for  the  Journal  of  the  Insti- 
tute, "were  laid  on  the  tiible. 

The  Treasurer  read  his  statement  of  the  receipts  and  payments  for 
the  month  of  JNIay. 

The  Board  of  Managers  and  Standing  Committees  reported  their 
minutes. 

Candidates  for  membership  in  the  Institute  (5)  were  proposed,  and 
the  candidates  proposed  at  the  last  meeting  (4)  duly  elected. 

In  compliance  with  a  request  from  the  Committee  on  Meetings,  the 
President  gave  a  brief  description  of  the  large  balloon  of  Professor 
Lowe,  with  which  he  proposes  to  attempt  a  transatlantic  voyage.  Its 
dimensions  were  stated  to  be  110  feet  in  horizontal  diameter,  and 
about  120  in  height ;  the  cubical  capacity  being  700,000  cubic  feet. 
The  idea  of  the  reronaut  is  to  inflate  with  about  one-half  the  quantity 
of  gas  the  balloon  will  hold,  so  as  to  allow  room  for  expansion  as  the 
machine  rises.  The  buoyancy  of  the  ordinary  coal  gas  being  about  40 
ibs.  to  the  thousand  feet,  the  buoyant  power  with  this  degree  of  infla- 
tion will  be  about  14,000  ibs.,  of  which  about  5000  lbs.  will  be  re- 
quired to  sustain  the  balloon  and  trappings,  including  a  life-boat,  with 
sails,  &c.  The  remaining  floating  power  beyond  the  weight  of  passen- 
gers and  provisions,  will  be  balanced  by  portable  ballast,  which  is  to 
be  thrown  overboard  as  occasion  requires.  Prof.  Lowe  expects  to  rise 
to  the  height  of  three  miles,  and  there  travel  East-by-North  in  the 
prevailing  upper  current  of  the  atmosphere,  which  he  supposes  to  have 
a  velocity  of  nearly  100  miles  an  hour,  and  will  therefore  waft  him 
across  the  Atlantic  in  less  than  two  days. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 


Report  on  Ritchie  s  Rhumlcorff's  Induction  Apparatus. 

The  Committee  on  Science  and  the  Arts  constituted  by  the  Franklin  Institute  of  the 
State  of  Pennsylvania,  for  the  promotion  of  the  Mechanic  Arts,  to  whom  was  referred 
for  examination — "An  Improvement  on  Rhumkorff's  Induction  Apparatus,"  by  E.  S. 
Ritchie,  of  Boston,  Massachusetts, 

Keport  : — That,  as  it  appears  from  the  description  of  the  apparatus 
by  Mr.  Eitchie,  hereto  annexed;  his  apparatus  differs  from  those  made 
before  him  in  the  following  particulars  : — 
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In  making  the  primary  liolix  of  greater  diameter,  and  of  larger  wire ; 
tlie  iron  core  is  made  longer  than  the  helix  ;  the  primary  helix  is  in- 
sulated more  tliorouglily  iVom  the  secondary,  hy  a  glass  bell  with  a 
broad  llancli  below,  on  wiiich  the  secondary  coil  rests;  the  secondary 
Doil  is  wound  diflerently,  in  place  of  winding  in  successive  helices,  it 
is  wound  by  spirals  alternately  outward  and  inward,  beginning  with 
the  base.  In  this  way,  it  Avill  be  seen  that  between  any  two  points 
[learly  in  contact,  there  is  less  difterence  of  intensity  than  in  the  old 
mode,  and  thus  less  thickness  of  insulating  material  is  required,  and 
I  greater  length  of  coil  can  be  put  within  the  inductive  influence, 
riiis  secondary  helix  is  also  more  carefully  covered  with  insulating 
material ;  the  condenser  (which  is  Fizeau's  invention)  is  divided  into 
three  sections,  so  that  the  power  of  the  instrument  may  be  modified 
3y  the  use  of  one,  two,  or  all  of  the  parts.  The  interrupter  is  modi- 
Sed  and  placed  under  the  control  of  the  operator,  by  which  a  more 
judden  and  slower  brake  can  be  made,  and  thus  the  power  of  the  in- 
strument increased. 

The  Committee  have  experimented  upon  the  apparatus  constructed 
3y  Mr.  Ritchie,  for  the  Department  of  Arts  of  the  University  of  Penn- 
jylvania,  and  they  find  that  this  apparatus  excited  by  three  cells  of  a 
jarbon  battery,  the  zincs  of  which  are  five  inches  in  diameter  and 
deven  inches  in  height,  is  capable  of  giving  a  spark  of  eleven  inches 
n  length  ;  while,  so  far  as  the  Committee  is  aware,  no  spark  over 
hree  inches  has  ever  been  obtained,  either  by  Rhurakorflf  or  his  Eng- 
ish  improver,  Hearder,  until  after  an  instrument  constructed  by  Mr. 
Ritchie  on  this  plan  had  been  sent  to  England;  and  even  now  a  spark 
)f  the  same  length  from  one  of  those  instruments  requires  much  larger 
)atteries  than  those  of  Mr.  Ritchie. 

The  Committee  regard  the  modifications  which  Mr.  Ritchie  has  in- 
Toduced  into  the  apparatus  as  improvements,  and  his  mode  of  wind- 
ng  the  coil,  especially,  as  novel,  ingenious,  and  highly  valuable ;  and 
)elieving  that  this  apparatus  is  destined  to  be  of  great  importance  in 
he  arts,  owing  to  the  economy,  simplicity,  and  energy  with  which  it 
generates  a  powerful  electric  current;  and  regarding  some  of  the  modi- 
ications  of  Mr.  Ritchie  to  be  original  and  of  great  utility,  they  re- 
commend the  award  of  the  Scott's  Legacy  Medal  and  Premium  to 
\Ir.  E.  S.  Ritchie,  of  Boston,  for  his  Improved  Rhumkorfi''s  Induction 
Apparatus. 

By  order  of  the  Committee, 

Wm,  Hamilton,  Actuary. 

Philadelphia,  May  10th,  1S60. 

Description  of  Ritchie  s  Rhumkorff's  Induction  Apparatus, 

The  primary  helix  is  made  of  No.  9  copper  wire,  which  is  about 
I  til  of  an  inch  in  diameter,  insulated,  and  wound  in  three  courses;  its 
.ength  is  about  180  feet,  and  it  encloses  a  bundle  of  carefully  annealed 
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iron  Avlro  of  al)0ut  IJ  inches  in  diameter.  Wires  arc  used  instead  of 
a  solid  har  as  they  can  be  more  readily  and  perfectly  annealed.  One 
end  of  the  wire  of  the  |>rimary  helix  passes  directly  to  a  pole  cup  for 
connecting  Avith  the  battery  ;  the  other  end  of  the  wire  connects  "with 
the  pillar,  i,  carryinf^  a  screw  capped  with  platinum.  This  is  in  con- 
tact with  a  similar  platinum  cap  on  a  spring,  sup])ortcd  upon  a  pillar, 
c.  This  pillar  connects  with  the  other  |)ole  cup.  When  the  battery  is 
attached,  the  iron  bundle  or  core  becomes  a  ])Owerful  electro-magnet, 
but  is  demagnetized  by  breaking  the  circuit,  by  depressing  the  spring, 
separating  the  platinum  caps.  This  is  called  the  "  interrupter,"  or 
*' break-piece."  The  hammer  and  ratchet  wheel  are  to  effect  this  in- 
terruption at  pleasure.  Over  this  primary  is  placed  for  insulation  a 
bell  glass,  and  over  the  bell  glass  is  placed  the 

Secondary  helix. — This  is  made  of  insulated  copper  wire  of  one- 
eightieth  of  an  inch  diameter,  covered  with  silk,  and  of  about  sixteen 
miles  in  length.  The  terminals  are  conducted  for  convenience  to  glass 
pillars  furnished  with  discharging  rods. 


4-  AXD  —  Battery 
Wires. 

a,  Primary  Helix, 
One  wire  connoctH  with 
+  pole;  the  othei 
passes  to  pillar  (6) 
The  circuit  is  complet- 
ed through  pillar  (c)  tc 
the  other  pole  cup. 

h  connects  directly 
with  knob  of  condens- 
er, by  a  wire,  at  (d). 

c  connects  through 
Bcrew  /  with  knob  ol 
condenser;  or  three 
screws  at  /  bear  upon 
3  knobs  (^),  which  each 
has  a  separate  bundle 
of  condensers.  The  al- 
ternate sheets  of  all  are 
united  at  the  opposite 
pole  at  d. 

Thus  far  the  instrument  is  in  principle  the  same  that  has  been  in 
use  for  years,  though  incapable  of  throwing  a  spark  in  the  air  across 
an  interval.     But  connected  with  the  interruptor  is  a 

Condenser,  due  to  Fizeau.  This  is  simply  a  Leyden  jar  of  great 
surface,  and  is  made  of  oiled  silk  with  coatings  of  tin  foil.  The  silk 
is  in  sheets,  about  18  by  10  inches,  piled  up  with  intervening  sheets 
of  foil,  a  little  smaller  in  size.  Every  other  sheet  of  foil  is  connected 
by  a  small  ribbon  of  foil,  extending  out  on  one  side,  while  the  alter- 
nate sheets  of  foil  are  similarly  connected  by  ribbons,  extending  on 
the  opposite  side.  The  whole  pile  is  enclosed  for  convenience  in  a  box, 
and  placed  within  the  basement.  The  two  bundles  of  ribbons  of  foil, 
connect  with  two  pieces  of  metal  coming  through  the  cover  of  the 
box;  the  whole  may  be  considered  as  a  battery  of  Leyden  jars,  and 
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these  metsiUic  pieces  arc  tlic  (lischargintr  kiiohs.  When  the  box  i.s  in 
place,  these  knohs  coniiect  \vitli  tlio  two  pilhirs  above  mentioned;  so 
tliat  eael»  cap  of  platinum  of  the  interrupter  is  in  metallic  connexion, 
<he  one  with  one  side  of  the  Leyden  jar,  the  other  cap  ^vith  the  oppo- 
site side  of  the  Leyden  jar. 

On  the  opposite  page  is  a  drawing  which  will  show  the  connex- 
ons. 

I  will  now  give  the  particulars  in  which  my  instrument  differs  from 
hose  previously  constructed. 

I  use  a  ])rimary  helix  of  larger  jiroportionate  diameter  and  of  lar'^'er 
fvire.  The  iron  core  i  make  mucli  longer  than  either  the  primary  or 
lecondary  helix  (these  are  of  equal  length);  the  core  I  make  from  oO 
;o  100  per  cent,  longer.  The  intensity  of  an  electro-magnet  being  great- 
est at  the  middle,  1  thus  obtain  a  more  intense  magnetic  force,  and 
he  intensity  and  volume  of  the  induced  current  is  much  increased. 

I  insulate  the  two  helices  much  more  perfectly.  Glass  tubes  have 
)een  used,  but  as  the  discharges  took  place  through  the  iron  core,  I 
dosed  one  end,  making  the  tube  into  a  bell  glass,  and  still  further 
idded  to  its  effect  by  making  a  flanch  project  from  the  lower  edge. 

In  all  previously  constructed  instruments,  the  secondary  helix  was 
^ound  longitudinally  as  a  spool  of  thread,  each  course  or  stratum 
)eing  insulated  from  the  next  by  gutta  percha  or  other  material ;  but 
ifter  many  courses  are  thus  laid,  the  intensity  becomes  sufficient  for 
ihe  spark  to  break  through  or  pass  around  from  the  outer  to  the  inner 
itratum,  and  consequently  the  limits  of  power  were  soon  reached,  and 
he  longest  spark  obtained  was  not  over  three  inches.  Khumkorff  had 
hen  obtained  but  about  half  an  inch  with  a  single  instrument.  Much 
greater  intensity  in  this  form  is  impossible,  as  each  insulation  must  be 
ncreased  proportionately  in  thickness,  and  this  would  carry  the  outer 
itrata  beyond  the  influence  of  the  iron  core.  I  devised  a  mode  of 
vinding  the  helix  which  obviated  this  difficulty.  I  wind  my  helix  in 
itrata  perpendicular  to  the  helix,  and  wind  it  as  a  sailor  coils  a  rope 
ipon  the  deck :  beginning  with  a  small  circle,  he  winds  arounds  this 
lis  rope  until  the  circle  is  as  large  as  desirable ;  he  lays  a  turn  upon 
his  last  one,  and  commences  a  second  stratum  or  layer,  winding  now 
!ach  turn  within  the  last,  until  he  reaches  the  size  of  circle  he  com- 
nenced  with  ;  again,  a  third  stratum  upon  this. 

I  build  my  coil  in  the  same  manner.  I  make  a  cylinder  of  gutta 
)ercha,  with  a  flanch  or  head  as  large  in  diameter  as  the  coil  is  to  be. 
Sach  stratum  is  parallel  with  the  head  and  between  each  is  an  insula- 
ion;  but  as  I  now  only  desire  to  prevent  the  spark  from  leaping  from 
,he  wire  where  one  layer  is  commenced  to  the  wire  where  the  next 
ies  upon  it  (and  the  length  is  but  a  few  hundred  feet),  a  very  thin 
nsulation  is  enough,  and  a  disc  of  oiled  silk  is  sufficient.  The  helix 
;an  be  built  up  indefinitely,  as  I  make  the  section  no  deeper  than  that 
he  intensity  obtained  in  each  stratum  equals  its  thickness  with  the 
;hickness  of  insulation.  Consequently,  if  the  spark  cannot  leap  fur- 
,her  than  from  layer  No.  1  to  No.  2,  it  cannot  leap  to  the  3d,  or  the 
LOth,  or  the   100th,  because  the  distance  from  the  1st  to  the  3d  and 
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lOtli,  (tc,  is  proportionately  f];rcatcr — wlicn  wound  longitudinally  it 
is  otherwise.  A  sullicient  insiil.ition  may  protect  No.  1  from  No.  2 
course,  but  No.  10  has  ten  times  tlie  intensity,  and  is  necessarily 
brou<^]it  very  near  No.  1,  and  the  insulation  fails.  In  this  case  the 
coil  is  ruined.  ]>ut,  as  I  wind  it,  if  battery  force  is  put  on  enough  to 
make  the  s])ark  leap  its  entire  length,  it  does  no  harm. 

1  also  cover  the  helix  outside,  sometimes  entirely  and  sometimes 
only  the  lower  portion,  with  gutta  percha. 

In  previously-constructed  instruments,  the  interrupter  used  was  De 
La  Hive's  automatic  break-piece.  1  found  this  far  too  rapid,  that  time 
was  required,  and  that  for  different  results  a  very  varied  rate  is  re- 
quisite ;  also,  that  a  sudden  break  is  more  effective.  I  devised  the 
interrupter  to  meet  these  requirements,  and  place  the  discharges  more 
in  control  of  the  operator.  By  my  interrupter,  a  longer  and  a  far  more 
voluminous  discharge  is  produced. 

I  divide  the  condenser  into  two  or  three  parts,  and  connect  each 
through  a  screw,  so  that  either  or  all  may  be  used,  or  all  may  be  dis- 
connected. 

To  introduce  these  changes,  of  course  the  entire  form  and  arrange- 
ment of  parts  are  different  from  all  others. 

So  far  as  I  have  information,  not  until  after  I  had  published  my 
mode  of  constructing  this  instrument  and  had  sent  one  to  the  order  of 
Gassiot,  of  London,  throwing  over  twelve  inches,  had  any  been  made 
of  over  three  inches  of  spark. 

I  respectfully  submit  the  instrument  with  these  explanations  to  the 
Committee  on  Science  and  the  Arts  of  the  Franklin  Institute. 

E.  S.  Ritchie. 

Boston,  Dec,  10, 1858. 
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For  the  Journal  of  the  Franklin  Institute. 

The  Meteorology  of  Philadelphia.    By  James  A.  Kirkpatrick,  A.  M. 

May. — The  month  of  May,  1860,  was  distinguished  for  its  thunder 
storms,  and  the  number  of  days  on  which  rain  fell.  There  were  no 
less  than  eight  thunder  storms  at  Philadelphia  during  the  month, 
though  but  little  damage  resulted  from  them  here.  Those  of  the  21st 
and  30th  of  the  month,  however,  w^ere  very  violent  and  destructive; 
the  former  in  Ohio,  and  the  latter  in  the  north-western  part  of  Penn- 
sylvania. 

Rain  fell  at  Philadelpliia  on  nineteen  days  of  the  thirty-one,  showing 
a  greater  number  of  rainy  days  than  has  ever  before  been  noticed  in 
the  month  of  May.  In  May,  1858,  rain  fell  on  eighteen  days,  and 
in  1858  and  1854,  on  fifteen  days.  The  average  number  of  rainy 
days  for  the  month  of  May,  during  nine  years,  is  thirteen. 

The  mean  temperature  of  the  month  was  less  than  1°  above  the 
average,  while  it  was  about  half  a  degree  colder  than  May,  1859. 
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Tho  warmost  (lav  of  tho  montli  "vvas  tlic  25tli,  of  wliicli  tlio  avcra;;© 
tcni|)oiaturo  was  T4'o°.  'J'hc  Tth,  liowi'ver,  was  almost  as  warm,  liavln<^ 
an  average  temperature  of  74*0°.  The  thermometer  was  lii^^hest  on 
the  Tth,  reachiii<;  *J0°  about  2}  P.  M.  The  thermometer  was  hjwest 
on  the  morninti;  of  the  1st,  when  it  indleated  44°.  The  1st  was  also 
the  eohlest  day,  the  averaijje  temperature  beinp;  47*7°. 

The  barometer  was  highest  (oO'OoO)  on  the  12th,  and  lowest  (21)-470) 
on  the  10th  of  the  month.  There  Avas  a  period  of  low  barometei",  ex- 
tendiniz;  from  the  17th  till  the  24th,  reachiiiiz;  the  minimum  about  4  P.  M. 
on  the  llUh,  a  day  or  so  before  the  storm  so  destructive  to  life  and 
property  occurred  in  the  west.  A  similar,  though  less  marke<l  fall 
in  the  barometer  occurred  on  the  30th  and  the  olst  of  the  montli. 

An  inspection  of  the  following  tabic  will  show  another  illustration 
of  the  fact  alluded  to  in  the  Journal  for  the  last  month  in  relation  to 
the  close  coincidence  of  the  average  barometric  height  for  the  month, 
-with  that  for  9  P.  M.  During  last  .May  the  average  height  for  9  P.  M. 
was  but  '005  of  an  inch  hifjher  than  the  average  for  the  month.  Durin^j 
the  month  of  May,  1859,  it  was  but  '002  of  an  inch  higher ;  and  for 
the  same  month,  for  nine  years,  it  stood  only  '003  of  an  inch  higher 
at  9  P.  M.  than  the  monthly  average  for  the  same  period. 

A  Comparison  of  some  of  the  Meteorological  rhenomena  of  May,  18G0,  iviih  those 
of  May,  1859,  and  of  the  same  month  for  nine  years,  at  1  hilaJtIplua. 


1    May,  I860. 

May,  1859. 

May,  9  years. 

Thermometer. — Highest, 

90° 

87° 

90° 

"                 Lowest, 

44 

44 

35 

"                 Daily  oscillation, 

17-20 

19-70 

16-60 

"                 Mean  daily  range, 

5-20 

5-70 

5-60 

"                Means  at  7  A.  M., 

59-66 

59-66 

58-47 

«*                        «         2  P.  M., 

71  03 

72-24 

69-79 

«                        "         9  P.  M., 

61-57 

6206 

61.61 

"                        "  for  the  month, 

64-09 

64-65 

63-29 

Barometer. — Highest, 

30050  in. 

30-176  in. 

30-338  in. 

"            Lowest, 

29-479 

29-512 

29-386 

"            Mean  daily  range,     . 

•100 

•111 

•121 

"            Means  at  7  A.  M., 

29828 

29-894 

29-843 

«                    "        2  P.  M.,     . 

29-787 

29853 

29  809 

««                    «        9  P.  M., 

29815 

29-876 

29  830 

««                    "  for  the  month, 

29-810 

29-874 

29-827 

Force  of  Vapor — Means  at  7  A.  M. 

•395  in. 

•361  in. 

•361  in. 

"            "                ♦'       2  P.  M.  . 

•421 

•383 

•383 

"            "                "       9  P.  M. 

•420 

•393 

•383 

Relative  Humidity  at  7  A.  M. 

76  per  ct. 

70  per  ct. 

73  per  ct. 

2  P.  M. 

67 

50 

53 

«              «              9  P.  M. 

76 

69 

69 

Rain,  amount  in  inches. 

3-589 

1-946 

4-196 

Number  of  days  on  which  rain  fell,  . 

19 

11 

13 

Prevailing  winds,          .... 

i 
N.  59°2'  E.-070 

s.7°36'w.-090 

N'71°12' w099 

70 


Meteorology. 


The  nmount  of  rain  Avlilcli  foil  diirinjr  tlie  montli  was  nearly  twice 
as  iniich  as  that  Avliich  fell  in  May,  I8r>9,  but  is  still  below  the  averafje 
for  nine  years.  The  force  of  vaj)or  and  the  relative  humidity,  as  will 
be  seen  by  an  inspection  of  the  table,  were  both  considerably  higher 
than  usual. 


Sprinq. — The  Spring,  consisting  of  the  months  of  March,  April, 
and  May,  was  one  degree  warmer  than  the  average  for  the  last  nine 
years,  but  a  degree  and  a  half  cooler  than  the  Spring  of  1859. 

The  barometric  observations  are  almost  the  same  as  those  for  the 
Spring  for  nine  years,  but  are  considerably  higher  than  for  the  Spring 
of  185D.  The  closeness  of  the  9  P.  M.  observations  to  those  for  the 
quarter,  are  also  very  apparent  in  the  following  table  of  compari- 
sons. 

The  number  of  days  on  which  rain  fell  was  more  than  the  average, 
although  the  amount  of  rain  and  melted  snow  which  actually  fell  was 
three  inches  less  than  the  average,  and  four  and  a  half  inches  less  than 
fell  during  the  Spring  months  of  last  year. 

A  Comparison  of  the  Spring  of  1860,  with  that  of  1859,  and  of  the  same  season 
for  nine  years,  at  Philadelphia. 


Spring, 

Spring, 

Spring 

1860. 

1859. 

for  9  years. 

Thermometer. — Highest, 

^ 

90° 

87° 

90° 

"                 Lowest, 

25 

20 

4 

"                 Daily  oscillation. 

, 

18-10 

17-40 

15-90 

"                 Mean  daily  range, 

6-00 

6-00 

607 

"                 Means  at  7  A.  M., 

, 

47-26 

49-04 

46-59 

«                      "           2  P.  M., 

59-98 

61-23 

58-19 

««                      "           9  P.  M., 

, 

51-07 

52-78 

50-54 

"                      "     for  the  sprin 

g» 

52-77 

54-35 

51-77 

Barometer. — Highest, 

. 

30-303  in. 

30-360  in. 

30-522  in. 

"            Lowest, 

29-319 

29-215 

28-884 

"            Mean  daily  range,   . 

, 

•133 

•174 

-164 

•*            Means  at  7  A.  M., 

29-835 

29-798 

29-829 

«                  "           2  P.  M.,  . 

, 

29-779 

29-755 

29-785 

«                 «           9  P.  M., 

29-813 

29-780 

29-813 

"                        for  the  spring, 

• 

29-809 

29-778 

29-809 

Force  of  Vapor — Means  at  7  A.  M. 

•259  in. 

•258  in. 

•253  in. 

"             "             "           2  P.  M. 

, 

•277 

•274 

•273 

«             «             "           9  P.  M. 

•277 

•280 

•273 

Relative  Humidity— Means  at  7  A. 

M. 

73  per  ct. 

69  per  ct. 

73  per  ct. 

«                   ({                     a              2  P. 

M. 

50 

49 

53 

u                  u                    «             9  p. 

M. 

68 

66 

68 

Rain  and  melted  snow, 

^ 

8-558  in. 

14-117 

11-727 

No.  of  days  on  which  rain  or  snow  fell, 

42 

38 

37 

Prevailing  winds, 

• 

N.76°26'wll9 

s.76032'w.-148 

N.73°32'wl98 

71 
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CIVIL  EXGIXEERIXG. 


n  Coal-burning  and  Feed-water  Heating  in  Locomotive  Engines,'^ 
By  Mr.  D.  K.  Clark,  Assoc.  Inst.  C.  E. 

The  object  of  the  paper  was  stated  to  be,  to  discuss  and  compare 
le  existing   practice  of  coal-burning  on  railways.     In  burning  coal, 

was  necessary  to  introduce  air,  in  such  quantity  as  to  maintain  a 
ifficiently  high  temperature  in  the  furnace,  and  so  to  distribute  it 
nongst  the  solid  and  the  gaseous  portions  of  the  fuel,  as  to  effect 
le  thorough  mixture  of  the  air  and  the  gases.  After  noticing  the 
sufficiency  of  the  ordinary  locomotive  boiler  in  its  normal  condition 
T  the  proper  combustion  of  coal,  the  author  described  the  methods 
troduced  within  the  last  two  years  for  admitting  air  above  the  fuel, 
nongst  the  combustible  gases.  They  were  classed  as — first,  acting 
J  currents  of  air,  introduced  through  tubular  or  other  openings  in 
le  sides  of  the  fire-box,  uniformly  distributed  over  the  surface  of  the 
lel ;  secondly,  by  deflection  of  a  body  of  air,  introduced  through  the 
Dorway,  or  elsewhere,  upon  and  over  the  surface  of  the  fuel ;  and, 
lirdly,  by  constructing  large  and  spacious  fire-boxes,  with  large 
rates  and  long  runs.  The  third  class,  which  was  first  in  chronolo- 
ical  order,  was  represented  by  the  systems  of  Mr.  M'Connell,  Mr. 
eattie,  and  Mr.  Cudworth.  Of  these,  the  first  and  second  were  made 
ith  combustion  chambers  projected  into  the  barrel  of  the  boiler,  and 
16  second  had,  in  addition,  transverse  midfeathers,  and  brick  arches 
nd  tiles,  for  the  better  mixture  of  the  elements,  and  the  maintenance 
I  the  temperature ;  whilst  the  third  consisted  of  an  elongated  fire- 

*Froin  Newton's  London  Journal,  June,  1S60. 
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box,  "Nvitli  nn  incliiUMl  firc-f^riito  sl()i)iii<^  towards  tlic  tii])C-plate.  In 
the  !ii)i>ru':itioii  of  tlio  first  and  second  classes  of  sinoke-l>urncrs,  tlio 
problem  resolved  itself  into  the  followinf]^  conditions: — Tlie  immediate 
jind  tborouf^h  intermixture  of  a  pbintiful  but  regulated  sui)ply  of  air, 
Avitli  tlie  ascending  sm(»ke  or  coml)ustible  gases  at  or  near  to  the  sur- 
face of  the  fuel,  rraetically,  it  was  found  necessary  for  this  object 
to  operate  from  both  the  front  and  the  back  of  the  fire-box,  with  air- 
entrances,  arches,  and  deilectors  at  the  doorway,  in  various  combina- 
tions. ]5ut  such  contrivances  as  dealt  with  air  in  bulk,  tliough  gene- 
rally effective  in  preventing  smoke,  were  stated  to  be  usually  attended 
by  the  escape  of  a  considerable  quantity  of  unconsumed  air,  through 
the  flue-tubes,  and  a  difficulty  in  keeping  up  steam  at  liigh  speeds. 
The  various  forms  of  doorway  deflectors  Avere  also  stated  to  be  ob- 
jectionable, in  facilitating,  by  their  mode  of  action,  the  suction  of 
particles  of  coal  through  the  tubes,  and  the  burning  of  the  smoke- 
box,  unless  counteracted  by  an  internal  arch.  The  author  had  found 
by  experience,  that  to  burn  smoke  when  the  engine  was  working,  it 
-vvas  sufficient  that  the  air  should  be  admitted  at  or  near  the  surface 
of  the  fuel,  by  air-tubes  distributed  over  the  width  of  the  fire-box,  in 
the  front  and  the  back,  without  the  aid  of  internal  arches  or  deflectors. 
The  draft  of  air  through  the  front  tubes  was  very  strong  when  the 
enn-incs  ran  ahead,  carrying  the  currents  into  the  middle  of  the  fire- 
box, where  they  met  the  counter-currents  from  the  back,  effecting  the 
mixture  of  the  air  and  smoke,  and  preventing  the  suction  of  small 
coal  through  the  tubes.  But,  in  all  systems  applied  to  ordinary  fire- 
boxes operating  by  means  of  the  draft  available  in  a  locomotive  en- 
gine, aided,  when  the  blast  was  off,  by  the  steam-jet  in  the  chimney, 
rano-e  of  power  was  wanting  to  overtake  the  extremes  of  intense  igni- 
tion and  rapid  generation  of  smoke-making  gases,  immediately  after 
the  steam  was  shut  off,  or  when  fresh  fuel  was  added ;  and  to  suit  it- 
self, also,  to  the  quiet  state  of  the  fire,  when  the  glow  and  excitem.ent 
subsided,  as  well  as  to  all  the  varying  conditions  of  a  locomotive  fur- 
nace. The  means  of  extending  the  range,  volume,  and  power  of  the 
air-currents,  and  of  adjusting  them  to  the  wants  of  the  furnace,  were 
supplied  by  the  instrumentality  of  jets  of  steam,  employed  by  the 
author  as  means  of  inducting  and  accelerating  currents  of  air.  The 
steam-nozzles,  with  the  air-tubes  towards  which  they  were  pointed, 
-were  like  so  many  miniature  blast-pipes  and  chimneys  turned  into  the 
fire-box ;  and  they  possessed,  relatively,  the  same  power  of  urging 
and  creating  draft.  By  this  method  of  steam  induction,  the  air-cur- 
rents were  delivered  with  such  precision  and  velocity,  as  to  sweep  the 
whole  surface  of  the  fuel,  and  forcibly  to  distribute  the  air  amongst 
the  gases. 

In  practice,  it  was  only  occasionally  necessary  to  put  the  steam-jets 
in  action  when  the  engine  was  at  work  if  the  air-openings  were  suffi- 
ciently numerous,  as  the  action  of  the  blast  alone  drew  a  large  supply 
of  air  through  them  into  the  fire-box.  The  time  when  the  full  induct- 
ing power  of  the  jets  of  steam  was  in  demand,  was  immediately  on 
the  steam  being  shut  ofi"  from  the  engine,  on  drawing  up  to  a  station, 
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or  otlicrNvisc.  Then,  iho  lioat  in  tlie  firc-box  was  fioroo,  and  tliore 
"Was  an  extensive  distillation  of  eond)nstil)]e  ;j:;ases,  wliieli  >v('rc  dis- 
charfred  as  smoke  from  the  chimney,  unless  met  and  consumed  by  tho 
inducted  currents  above  the  fuel.  The  intcnseness  of  the  heat  sub- 
side«l  ra])idly,  and  the  jets  could  be  moderated  as  dusircd,  and  con- 
tinued in  action  until  the  engine  was  a;i;ain  in  motion.  The  in(h'aft  of 
air  into  the  iire  box  could  be  reguhitcd  by  tho  use  of  slides  or  dain[)er3 
over  the  air-0])eninLrs.  But,  by  so  limitin*^  the  number  of  air-oj)('n- 
injZ?^,  Jiiid  eonse(|uently  the  sui)i)ly  of  air,  as  to  prevent  any  material 
excess  of  supply  when  the  fire  was  in  ordinary  condition,  the  dampers 
might  be  dispensed  with  in  practice,  without  prejudice  to  the  economy 
of  fuel. 

In  making  a  general  comparison  between  the  various  methods  of 
coal  burning  without  smoke,  there  was  the  diiRculty  of  the  diversity 
of  circumstances  as  to  time,  fuel,  enghie,  and  duty  to  contend  with. 
The  performances  of  several  engines  burning  coal,  on  different  sys- 
tems, and  the  same  or  similar  engines  using  coke,  had,  however,  been 
tabulated.  It  thus  appeared  that,  of  the  three  systems  of  extended 
fire-boxes,  by  Mr.  M'Oonnell,  Mr.  Bcattie,  and  Mr.  Cudworth,  with 
nearly  equal  gross  weights  of  engine,  tender,  and  train — 100  to  110 
tons — and  at  about  the  same  speed,  the  consumption  of  coal  was  as 
follows  : — 

TfT  ton  gross. 
Mr.  M'Connoll's,  35^  lbs.  Hnwkesbury  coal  per  mile,  or  -31     lb. 

Mr.  Boatlie'sCwUh  cold  water),  24  lbs.  Griir&  Stavely   "  "  or  -235  lb. 

Mr.  Cudworth's,  2G  lbs.  coking  coal,  '*  or  '225  lb. 

Of  the  systems  of  coal-burning  grafted  on  the  common  firc-box, 
with  passenger  trains,  comparative  results  were  given  of  Mr.  Douglas' 
with  a  doorway  deflector  on  the  Birkenhead  Railway;  Mr.  Yarrow's 
with  a  brick  arch  and  air-bars  on  the  Scottish  North-Eastern  Railway; 
Mr.  Connor's  with  a  brick  arch  and  door  deflector  on  the  Caledonian 
Railway;  Mr.  Frodsham's  with  a  doorway  deflector  and  steam  roses 
in  the  fire-box,  used  by  Mr.  Sinclair  on  tho  Eastern  Counties  Rail- 
way ;  and  the  author's  with  air-tubes  and  steam-inducted  currents, 
used  by  Mr.  Cowan  on  the  Great  North  of  Scotland  Railway.  It  ap- 
peared that,  with  eight  to  ten  carriages,  the  following  were  the  per- 
formances : — 


Gross  Weight. 
Tons, 

Gross  Coiil 

per  mile. 

lbs. 

i' 

tit  ton  gross, 
lb. 

Mr.  Douglas, 

90 

2S-4 

1 
or 

•32 

Welsh. 

Mr.  Yarrow, 

86 

25-7 

or 

•32 

Fileshire. 

Mr.  Connor,          , 

8S 

22-2 

or 

•26 

lianarkshire,        j 

Mr.  Frodsham, 
Mr.  Clark, 

93 
110 

233 
21-0 

or 
or 

•25 
•19 

Stavely. 
Fifeshire. 

Showing  that,  with  the  author's  system,  less  coal  was  used  with  a 
heavier  train  than  with  any  of  the  others.  Similarly  favorable  com- 
parisons were  made  in  the  Avorking  of  goods  engines. 

The  Great  North  of  Scotland  Railway,  on  which  the  author's  sys- 
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tern  "was  ill  full  operation,  "svaa  stat(;(l  to  contain  long  p^radlcnts,  severa' 
of  ^vhicll  varied  from  1  in  100  to  1  in  1/30,  Avitli  iVc(iucnt  curves;  anc 
the  f];oo(ls  engines  could  lalu;  up  these  inclines  35  fully  loaded  "wagons 
4G0  tons  gross  train  \vei;^lit,  at  10  miles  per  hour. 

In  conclusion,  it  was  stated  that  the  author's  system  of  smokeless 
coal-burning  was  distinguished  from  others  by  its  simplicity,  durability 
cilicicncy,  and  simple  management.  There  "vvas  no  construction  of  an^ 
kind  "within  the  lire-box,  and,  consecjuently,  no  wear  and  tear  by  ex 
posurc  to  intense  heat.  At  the  same  time  that  it  commanded  tin 
entire  range  of  the  lire-box,  it  did  not  interfere  with  or  impose  cxtr; 
labor  in  the  management  of  the  fire.  The  manipulation  was  simple 
the  air-tubes  being  placed  at  a  suiTiciently  high  level  to  command  thi 
surface  of  the  fire  at  all  times.  The  whole  business  of  smoke-preven 
tioii  Avas  comprised  in  the  occasional  operation  of  the  induction-jets 
by  means  of  a  tap  under  the  hand  of  the  engine-driver,  and  the  occa 
sional  aid  of  the  chimney-blower,  to  carry  off"  the  products  of  com 
bustion.  By  the  proper  use  of  this  system,  the  fire  might  be  "  damped,' 
or  kept  dull,  when  desired,  where  an  engine  had  to  wait  at  a  station 
without  raising  tlie  pressure  of  the  steam  ;  as  the  forcible  indrai 
above  the  fire  might  be  made  to  prevent  a  draft  through  the  fire,  ani 
consequently  to  check  or  to  suspend  the  combustion  of  the  fuel ;  con 
ducing  both  to  safety  and  to  economy,  and  favorably  contrasting  wit' 
other  systems,  in  all  of  which  a  powerful  blower  in  the  chimney  wa 
needed,  when  standing,  incurring  dangerous  pressures  and  waste  c 
steam. 

In  feed-water  heaters,  it  was  stated  that  little  had  as  yet  been  done 
except  by  Mr.  Beattie,  whose  apparatus,  though  efficient  as  a  heatei 
was  found,  it  was  believed,  to  be  too  complicated  for  general  use,  an 
difficult  to  keep  in  order.  The  author  had  recently  introduced  a  simpl 
and  compact  heater,  in  which  the  steam  from  the  blast-pipe  was  pre 
jected  into  a  short  tube,  in  conjunction  with  the  feed-water,  whic 
was  delivered  in  a  thin  annular  sheet  around  the  steam-nozzle.  I 
this  short  tube  or  chamber,  the  water  was  broken  into  spray  by  th 
steam ;  the  steam  was  instantly  condensed,  and  the  water  was  raise 
to  a  high  temperature,  at  or  near  the  boiling  point.  It  had  give 
satisfactory  results  in  a  20  ii.  P.  stationary  engine,  and  would  shortl 
be  applied  to  a  locomotive  engine.  It  Avas  said  to  be  well  adapted  fo 
ao;ricultural  and  other  eno-ines  on  wheels,  where  lightness  and  con 
pactness  were  considerations  of  importance. 

In  the  course  of  the  discussion  upon  Mr.  D.  K.  Clark's  papei 
'^  On  coal-burning  and  feed-ivater  heating  in  locomotive  engines^''  i 
was  remarked,  that  the  plan  of  coal-burning  advocated  by  the  autho 
seemed  to  be  similar  to  that  adopted  by  Mr.  Jenkins,  and  which  ha 
been  some  time  in  use  on  the  Lancashire  and  Yorkshire  Railway 
except  that  in  the  former  jets  of  steam  were  employed  to  accelerat 
the  currents  of  air.  Mr.  Jenkins'  system  consisted  simply  in  makin 
a  certain  number  of  the  stays  hollow  instead  of  solid,  through  whic 
the  air  was  allowed  to  pass,  and,  mixing  with  the  products  of  combus 
tion,  eff'ected  the  prevention  of  smoke.     Movable  slides  were  fixe 
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on  the  outside,  so  tliat  tlie  njxTtures  could  be  opened  or  closed  at 
j)lo:isure  ;  :nid  thus,  ritlitT  eoal  or  coke  could  he  hurned  in  the  snino 
cn;j;ine.  Tlie  system  could  he  applied  to  old  en^^iiies,  at  an  expense 
of  a  few  pounds  ])er  engine,  and  was  said  to  be  simple  and  eflfectivc. 

li  WHS  stated  that  the  use  of  tubes  throu«:h  the  sides,  aivl  in  some 
cases  the  front,  of  the  fire-hox,  for  prcvcntin;:^  smoke,  had  h(>en  tried 
nineteen  years  a^o  hy  Mr.  JSamiicl  ilall,  the  pioneer  of  surface-con- 
densation, on  the  Midland  liailway,  and  the  same  system  was  now 
practised  on  the  Great  Western  liailway.  The  smoke,  though  then 
not  entirely  consumed,  was  believed  to  have  been  as  effectually  got 
rid  of  as  at  the  ])resent  day.  Formerly  the  defect  was,  that  the  tubes 
were  burned;  but  where  coal  could  be  obtained  at  much  less  cost  than 
coke,  a  want  of  simplicity,  or  the  necessity  of  slight  additional  repairs, 
might  be  overlooked.  AVhen  first  brought  forward,  an  objection  was 
taken  to  Mr.  Hall's  plan,  tliat  when  an  engine  was  standing  at  a  sta- 
tion, black  smoke  was  emitted.  Tliis  was  remedied  by  the  introduc- 
tion of  a  small  jet  of  steam  in  the  chimney,  for  creating  a  draft  when 
the  engine  was  at  rest;  but  the  noise  thus  produced  caused  the  plan 
to  be  laid  aside. 

In  regard  to  the  general  question  of  smoke-prevention,  it  was  ar- 
[Tued  that  neither  deflecting  plates  nor  brick  arches  were  needed;  but 
3nly  the  introduction  of  a  sufficient  quantity  of  air,  moderately  dif- 
fused over  the  fuel.  In  1856,  the  use  of  hollow  stays  and  small  jets 
3f  steam  had  been  suggested  by  Mr.  Robert  Longridge,  particularly 
for  marine  enirine  boilers,  Avhere  there  was  a  diflficultv  in  irettin^  the 
proper  quantity  of  air  through  the  tubes  ;  but  it  was  thought  that,  in 
I  locomotive,  the  requisite  quantity  of  air  to  consume  the  hydro-car- 
30ns  might  be  introduced  by  the  hollow  stays,  without  resorting  to 
steam  jets. 

As  to  the  comparative  heating  powers  of  coal  and  coke,  it  was 
sometimes  asserted  that  the  same  evaporative  eff'ect  would  be  obtained 
Vom  the  coke  made  from  a  ton  of  coal,  as  from  the  original  ton  of 
?oal  itself.  This  view  was  dissented  from,  and  it  was  stated  that  care- 
ul  experiments  with  Garesfield  coal  and  coke  showed  the  evaporative 
DOwer  to  be  as  100  to  89,  respectively,  weight  for  weight.  In  other 
Tords,  1  ft),  of  coal  evaporated  12*54  ft)s.  of  water,  whilst  1  ft),  of  coke 
evaporated  only  11-16  ft)S.  of  water.  But,  inasmuch  as  100  tons  of 
;oal  produced  only  66  tons  of  coke,  it  was  evident  that  while  1  ft),  of 
!oal  would  evaporate  12'54  ft)s.  of  water,  the  same  weight  of  coal,  con- 
'erted  into  coke,  would  only  evaporate  11*16  X  "66  =^  7*44  ft3s.  of 
vater ;  so  that  the  true  proportion  was  as  100  to  58. 

On  the  other  liand,  it  was  stated  that,  with  Midland  coal.  20  cwt. 
)f  coal  produced  11 J  cwt.  of  coke,  besides  other  products,  and  6  cwt. 
)f  coke  evaporated  exactly  the  same  quantity  of  water  as  7  cwt.  of 
;oal :  consequently  there  was  a  loss  in  converting  coal  into  coke,  for 
he  purpose  of  producing  steam ;  but  considered  only  in  reference  to 
weight,  coke  had  an  advantage  over  coal  in  the  proportion  of  seven 
0  six. 

It  was   contended  that,  in  order  to  enable  a  proper  comparison  to 
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be  iiiado  l)otwoon  tlio  ainourit  of  fuel  used  per  mile  and  tlie  gross  load 
canii'd,  tlic  [)a})cr  should  have  showed — 1st.  What  was  tlie  greatest 
allituih'  surmounted  in  eaeli  case,  the  total  length  of  the  line,  the  rul- 
ing gradient  and  its  h'ligth.  2d.  What  was  the  average  s})eed  per 
mile  lor  the  whole  (list  a  nee  run.  And,  Cd.  J  low  many  Ihs.  ot*  water 
"were  evaporated  l)y  1  Ih.  of  coal. 

It  was  ohserved  that,  in  attempting  the  general  introduction  ol 
anthracite  coal  in  locomotive  eriijines  in  the  United  States  for  lon^^ 
and  heavy  traflic,  it  was  found  that,  although  there  was  no  smoke,  it 
Avas  dillieult  to  keep  up  the  steam,  and  the  iire-hox  and  lire-bais  were 
quickly  buint  out.  ^Notwithstanding  these  objections  to  its  use,  an- 
thracite was  in  some  cases  a  cheaper  fuel  than  wood.  Anthracite  coal 
"was  burned  on  the  Reading  llailroad  at  the  rate  of  120  lbs.  per  mile, 
in  engines  Aveighing  28  tons,  and  carrying  a  gross  load  of  75U  tons, 
at  fioui  ten  to  twelve  miles  an  hour,  on  a  level.  The  evaporation  of 
water  Avas  from  5J  lt)s.  to  G  lbs.  only  per  pound  of  coal.  A  brief  de- 
scription was  given  of  Phleger's,  Dimpfel's,  and  Boardman's  boilers, 
■which  had  been  made  to  burn  bituminous  as  well  as  anthracite  coal, 
and  were  used  on  passenger  as  Avell  as  goods  trains.  Each  furnished 
considerable  space  for  combustion,  and  air  Avas  admitted  in  numerous 
fine  streams  over  the  fire.  They  Avere  all,  however,  heavy  and  com- 
plicated, and  inapplicable  to  existing  stock.  Within  the  last  three  or 
four  years,  rencAved  attempts  had  been  made  to  adapt  the  existing 
stock  of  eno-ines  to  the  use  of  bituminous  coal.  The  difficulties  con- 
sisted  in  the  large  quantity  of  coal  required  to  be  burned  in  a  given 
time,  under  an  intense  draft,  and  in  the  clinkery  character  of  the  coal 
itself.  The  eno;ines  Avere  not  heavier,  on  the  averacre,  than  in  Enij- 
land,  nor  had  they  more  heating  surface ;  but  they  burned  more  fuel 
and  evaporated  one-fourth  .more  Avater  in  a  given  time.  In  December, 
1856,  Mr.  G.  S.  Griggs,  of  the  Boston  and  Providence  Railroad,  inr 
troduced  a  fire-brick  arch,  beloAv  the  tubes,  in  the  fire-boxes  of  some 
of  the  engines  of  that  line.  W^itli  a  few  holes  for  the  admission  of 
air  above  the  fire,  this  arch  Avas  found  to  improve  the  working  of  the 
fire-box,  when  burning  coal.  On  the  loAva  Central  Railroad,  the 
grates  of  the  coal-burning  engines  Avere  at  one  time  covered  Avitli  fire- 
brick, so  as  to  leave  only  about  two  square  feet  of  the  original  surface 
of  the  bars  exposed  ;  and  of  this  area,  less  than  one  square  foot  was 
air-opening.  More  recently,  perforated  door-plates  and  air-distri- 
butors (the  latter  set  up  Avithin  the  fire-box)  had  been  extensively 
adopted. 

It  Avas  stated,  in  reply  to  the  observations  Avhich  had  been  made, 
that  in  a  comparative  trial  of  the  author's  system  and  Mr.  Jenkins', 
on  a  metropolitan  railway,  on  the  same  passenger  engine,  and  on  the 
same  duty,  the  former  consumed  4  lbs.  per  mile,  or  12  per  cent.,  less 
coal  than  the  latter ;  that  the  saving  of  coal  by  smoke-prevention  in 
locomotives  had  been  found  to  be  at  least  18  per  cent. ;  that  the  in- 
formation demanded,  for  the  purpose  of  making  a  proper  comparison, 
Avas  given  in  the  paper;  that  it  was  of  no  use  to  state  altitudes  simply, 
unless  particulars  of  inclines  and  length  of  trip  Avere  also  gi\'en. — 
Froc.  Inst.  Civ.  Eng.,  May  1-8,  1860. 
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It  was  statctl  that  at  the  present  (hiy  the  irrcat  (h'siih'i'at iiiii  in  ma- 
rine en«xinc\s  appoMreil  to  he,  to  ohiain  increased  power  or  ee()noiny  in 
the  consumption  oi'  fuel,  witiunit  the  commercial  (lisa(lv:inta;[:e  of  occu- 
jn'inij;  njore  space  l)y  the  enlari^ement  of  the  hoilers  and  machinery. 
Tliis  ohject  it  was  helieved  liad  Ix'cn  attained  1»y  tlie  application  of- 
ordinary  and  superheated  steam  mixed.  The  mode  adopted  in  car)-vinir 
out  this  system  was,  to  attach  another  steam  pipe  to  the  hoiler,  for 
conveying  the  steam  to  he  supeih  'ated  to  pipes  or  other  contrivances 
placed  in  any  convenient  I'oiin  near  the  fire,  ov  in  the  uptake  or  chim- 
ney of  the  boiler,  or  in  a  separate  furnace;  the  superheated  steam 
beinix  added  to  the  ordinary  steam  at  or  before  its  entrance  into  the 
cylinder.  In  its  })assagc  through  the  superheating  apparatus,  that 
portion  of  the  steam  was  raised  by  the  waste  heat  to  a  temperature  of 
500^  or  GOO"^  F.  The  heat  thus  ari-ested  was  conveyed  to  and  utilized 
in  the  cylinder,  by  its  action  on  the  other  portion  of  steam  from  the 
boiler,  which  was  more  or  less  saturated  according  to  circumstances. 
The  combined  steam  was  used  in  the  cylinder  at  from  300°  to  450°  F., 
instead  of  at  the  low  temperature  at  which  steam  was  generally  employed. 
The  eftect  of  using  the  two  kinds  of  steam  was,  that  the  superheated 
steam  yielded  a  portion  of  its  excess  of  temperature  to  the  ordinary 
steam,  converting  the  yesicular  w;  t.u-  whicli  it  always  contained  into 
steam,  and  expanding  it  several  hundred-fold  ;  whilst  at  the  same  time, 
the  ordinary  steam  yielded  a  portion  of  its  excess  of  moisture,  convert- 
ing the  steam  gas  into  a  highly  rarefied  elastic  vapor — in  other  words, 
into  pure  steam  at  a  high  temperature. 

It  was  asserted,  that  repeated  endeavors  had  been  made  in  England, 
France,  and  America,  to  employ  steam  simply  dried,  or  superheated, 
and  as  often  abandoned.  This  plan  certainly  resulted  in  partial  econo- 
my ;  but  owing  to  the  high  degree  of  temperature  necessary  in  this 
case,  the  lubricating  materials  were  dried  up,  and  then  the  packing  and 
rubbing  parts  of  the  machinery  were  destroyed.  Moreover,  when  all 
the  steam  was  superheated  the  temperature  of  the  steam  in  the  cylin- 
der was  be^^ond  the  control  of  the  engineer.  It  was  this  difficulty  which 
had  led  to  the  discovery  of  the  system  of  employing  mixed  steam,  which 
was  entirely  under  control ;  for  by  merely  turning  a  valve  it  could  be  so 
regulated  as  to  produce  the  highest  mechanical  effect,  with  the  most  per- 
fect lubrication  to  the  slides  and  cylinders.  Another  advantage  was, 
that  if  any  accident  should  happen  to  the  superheating  apparatus,  the 
cylinders  could  still  be  supplied  with  plain  steam  alone. 

A  series  of  trials  on  board  the  R.  M.  S.  S.  Avon  had  shown  that  the 
pressure  in  the  boiler  being  in  all  cases  the  same,  with  plain  steam  the 
result  was  1070  i.  ii.  p.;  w^ith  the  steam  from  three  boilers  superheated 
and  from  the  fourth  plain  it  was  1076  I.  H.  P.;  while  with  the  steam 
mixed  in  the  proportions  of  61  superheated  and  69  plain,  1200  i.  n.p. 
was  produced.  The  Lords  of  the  Admiralty  were  stated  to  be  so  well 
satisfied  with  the  results  of  experiments  continued  over  twenty  voy- 

*  From  the  London  Civ.  Eng.  and  Arch.  Jour.,  May,  1860. 
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ix^^v^,  tliat  tlioy  had  (Ictonnlncfl  to  extend  tlie  n))|)lieatlon  of  tlic  sys- 
tem ill  the  ivoyal  Na\y,  and  II.  M.S.  IS.  Hhadcununthus  Inul  been 
ordered  to  be  fitted  with  it.  Mr.  A.  C.  Ilobbs  (Assoc.  Inst.  C.  E.) 
Lad  a|)|)lied  it  to  a  lii^h  pressure  boiler  and  engine,  and  Mr.  Dorman 
liad  adapted  it  to  an  en;^ine  Avhich  did  not  produee  the  recpiired  power. 
The  eonibined  ssteani  was  also  use<l  in  all  the  steamers  ot"  the  Collins 
line.  Experiments  on  bomd  the  Gibraltar  showed  that  superheated 
steam  at  a  })ressure  on  the  boiler  of  10  lbs.  produced  222  i.  ii.  P.;  ordi- 
nary steam  at  14  lbs.  })ressure,  307  i.ii.r.;  while  combined  steam  at 
15  lbs.  pressure  crave  370  I.  li.  P. 

AVhen  steam  was  merely  superheated  or  dried,  it  was  converted  into 
steam  iras.  It  consecjuently  })artook  of  the  nature  of  gas  ;  was  a  bad 
conductor  of  heat,  and  gave  out  with  dilliculty  the  heat  necessary  to 
transform  it  into  mechanical  power.  On  the  other  hand,  mixed  steam 
participated  in  the  ((ualities  of  steam  ])roper  and  of  superheated  steam, 
and  being  a  pure  highly  rarefied  vapor,  which  readily  parted  w'ith  its 
lieat,  thus  })roduced  greater  mechanical  effect. 

By  the  application  of  combined  steam  the  following  advantages, 
among  others,  were  said  to  be  obtained: — 1.  An  economy  of  fuel  of 
from  30  to  50  per  cent.    2.  A  diminution  of  one-third  in  the  feed-water. 

3.  The  employment  of  smaller  boilers   to  produce  the  same  power. 

4.  Facility  of  maintaining  any  desired  pressure,  or  of  increasing  it  at 
■will  in  cases  of  emergency.  5.  A  steamer  would  make  a  voyage  one- 
third  further  with  the  same  Aveight  of  coals ;  or  one-third  the  space 
now  occupied  by  the  fuel  might  be  used  for  freight.  6.  Less  risk  of 
explosion.  7.  Boilers  would  last  one-third  longer.  8.  A  better  va- 
cuum was  obtained.  And,  9.  One-third  less  injection  water  was  re- 
quired. 

April  3. — The  entire  evening  was  occupied  by  the  discussion  of  the 
preceding  paper  "0;i  Combined  Steam.'' 

In  commencing  the  discussion  it  was  remarked  that  the  indicator 
cards  taken  from  H.  M.  S.  S.  Dee,  when  using  simple  superheated  steam 
and  wdien  working  with  combined  steam,  the  pressure  being  the  same 
in  both  cases  and  the  supply  valves  equal  in  area,  showed  that  a  bet- 
ter vacuum  was  obtained  and  that  the  expansive  force  was  much  greater 
"when  using  combined  steam.  It  had  been  ascertained  that  the  con- 
sumption of  fuel  was  2*57  ft)s.  per  i.  h.  p.  per  hour  w4th  combined 
steam,  whilst  it  averaged  5*53  ft)s.  per  i.  ii.  p.  per  hour  with  plain  steam. 
The  result  of  tw^enty  experimental  voyages  in  that  vessel  gave,  on  the 
combined  system  500  H.  p.,  by  superheating  simply  409  H.  P.,  and 
■with  plain  steam  404  h.  p. 

A  case  was  also  mentioned  in  which  combined  steam  had  been  ap- 
plied to  a  non-expansive  engine,  where  a  reduction  was  effected  in  the 
consumption  of  fuel  of  from  36  cwt.  to  24  cwt.  per  week  ;  while  about 
one-third  less  water  was  consumed. 

It  was  admitted  that  great  praise  was  due  to  the  author  for  having 
recalled  public  attention  to  the  advantages  derivable  from  superheat- 
ing steam.  But  it  was  doubted  whether  the  combined  system  pos- 
sessed any  peculiar  merit  over  simple  superheated  steam.     If  the  mix- 
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turc  were  made  just  at  tlie  cMitiancc  to  the  e}'liniler,  it  "was  dillicult  to 
understand  >vliat  diiVereneo  there  could  bo  between  that  ])hiu  and  at 
onoe  heating  tlie  ^vhole  ol'  (he  sleani  to  a  iniit'orin  leniperaturc.  It  was 
(juestionable  whetlier  in  a  ^ood  expansive  en^^ine  tlie  applieation  of  a 
most  ellieient  system  of  superheating,  tliat  eompletely  prevented  con- 
densation, -would  result  in  a  saving  of  more  than  15  per  cent.  It  was 
stated  that  in  the  early  experiments  in  II.  M.  S.  S.  iJec,  when  super- 
heating was  tried,  the  steam  was  throttled,  owing  to  the  small  size  of 
the  pii)es  ;  and  that  the  a})parent  superiority  of  the  combined  system 
was  due  to  the  large  ordinary  steam  pipe  being  in  connexion  with  the 
engines  in  addition  to  the  superheating  i)ipe,  and  not  from  the  fact  of  the 
steam  being  mixed.  AVhen  a  different  arrangement  was  made,  the  su- 
perheating gave  results  (juite  equal  to  the  combined  system. 

It  was  believed  that  with  the  best  boilers  there  would  be  a  saving  of 
15  pel*  cent,  by  the  use  of  superheated  steam  ;  and  in  one  vessel,  where 
there  was  an  indilferent  construction  of  boiler,  there  was  an  economy 
of  8-1  per  cent,  due  partly  to  improvements  in  the  boiler,  and  partly 
to  the  application  of  the  apparatus  giving  more  steam  room.  In  one 
of  the  vessels  belonging  to  tlie  Intercolonial  Royal  Mail  Company,  to 
which  superheating  apparatus  had  been  added,  the  consumption  of 
fuel  was  reduced  from  298G  tbs.  to  1900  lbs.  per  hour  on  an  average  of 
four  or  five  days'  steaming  between  London  and  Milford  Haven. 
Similarly,  in  one  of  the  boats  belonging  to  the  General  Steam  Navi- 
gation Company,  traveling  between  the  Thames  and  Scotland,  an  aver- 
age of  twelve  voyages  previous  to  superheating  showed  a  consumption 
of  126  tons  of  fuel  per  voyage.  This  was  now  reduced  to  90  tons  per 
voyage.  The  temperature  in  the  uptake  was  formerly  about  G50° ; 
noAV  it  had  not  been  reduced  more  than  50°,  but  the  temperature  of 
the  steam  had  been  increased  100°. 

It  was  remarked  that  the  gain  in  using  superheated  steam  did  not 
arise  from  any  physical  law,  but  from  the  prevention  of  a  loss  by  the 
use  of  dense  steam.  When  the  steam  entered  the  cylinder,  if  there 
■was  but  one  degree  of  heat  less  in  the  cylinder,  water  must  be  formed. 
"When  the  vacuum  stroke  was  made,  the  deposited  water,  being  re- 
lieved of  the  pressure  due  to  its  temperature,  was  rapidly  vaporized 
and  passed  ofif  as  rarefied  vapor,  cooling  the  cylinder.  On  the  steam 
entering  to  make  the  return  stroke  it  brought  the  cylinder  up  to  a 
temperature  due  to  the  pressure,  and  the  stroke  was  made  at  that  loss 
by  the  deposit  of  water  over  the  whole  interior  surface  of  the  cylinder 
and  its  adjuncts.  When  the  condenser  again  came  into  action  the 
same  thing  recurred,  and  so  on  continuously.  A  pressure  indicator 
applied  simultaneously  with  thermometers,  showed  that  the  loss  of  tem- 
perature without  working  expansively  was  20°,  with  an  average  pres- 
sure of  6  lbs.,  indicating  a  loss  of  steam  of  between  one-third  and  one- 
fourth.  This  injurious  efi"ect  must  always  occur  when  using  dense 
steam  ;  whereas,  in  employing  superheated  steam  there  was  no  deposit 
of  water,  and  the  result  was  analogous  to  that  of  a  permanent  gas, 
but  with  the  advantage  of  easy  and  complete  condensation.  Further, 
when  the  vacuum  stroke  was  performed,  since  the  cylinder  was  per- 
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foctlv  dry,  tl»o  cxlmustion  of  tlie  "wliole  steam  was  effected  instanta- 
neoiisly.  AVitli  dense  steain,  th(!  e^liiider  beiii;^  wet,  the  deposited 
■water  liad  to  ])e  vajjorizcd  niid  condensed,  thus  darnaf^ing  the  vacuum. 
As  this  action  did  not  occur  witli  superlieated  steain,  some  increase 
of  useful  eflect  was  ])roduced  on  tliat  j^round.  The  condensinf^  ap- 
pliances were  also  relieved  by  so  much  as  was  pjained  in  the  cylinder. 

It  was  believed  that  the  practical  limit  of  tiie  use  of  superheated 
steam  would  be  in  irivinji;  it  sucli  an  additional  amount  of  caloric  as 
would  permit  of  its  remainin;^  dry  steam  to  the  end  of  its  rec^uired  ex- 
pansion. When  steam  was  expanded  a  large  quantity  of  heat  became 
latent.  In  conseciuence,  the  full  effect  was  not  obtained  from  cxpand- 
inii;  ordinary  steam,  because  as  it  expanded  in  tlie  cylinder  it  cooled, 
and  there  was  not  sufficient  caloric  to  keep  up  the  specific  heat  during 
the  stroke. 

It  was  observed,  that  the  experiments  on  II.  ^I.  S.  S.  Dee  s]\owed  a 
saving  of  23-8  per  cent,  in  favor  of  superheated  over  plain  steam. 
AVith  regard  to  temperature,  the  superheated  steam  lost  20°  on  its 
passage  to  the  cylinder,  82°  after  entering  the  jacket,  and  26°  more 
after  entering  the  cylinder  ;  while  the  plain  steam  lost  23°  only,  after 
making  its  entire  circuit  from  the  boiler  to  the  cylinder.  In  another 
experiment  there  w\as  an  economy  of  fuel  of  20  per  cent.;  the  mini- 
mum consumption  at  full  power  being  2*6  Sbs.  of  Welsh  coal  per  H.  p. 
per  hour.  It  was  thought  that  ^Ir.  AVethered's  system  was  about  as 
economical  as  the  superheated,  when  the  whole  of  the  steam  was  passed 
through  the  superheating  apparatus.  It  was  contended,  that  super- 
heating should  not  be  carried  farther  than  to  prevent  condensation  in 
the  jacket,  and  therefore  in  the  cylinder ;  and  it  was  thought  that 
the  whole  of  the  steam  passing  into  the  cylinder  should  go  through  the 
jacket,  rather  than  that  the  jacket  should  be  fed  by  small  pipes. 

It  was  pointed  out  that  mixing  ordinary  saturated  steam  with  super- 
heated steam,  gave  a  ready  means  of  regulating  the  temperature.  It 
"was  thought,  that  the  increase  of  temperature  should  never  exceed 
100°.  If  a  compensation-rod  were  introduced  into  the  steam-pipe,  so 
as  to  limit  the  admission  of  steam  in  proportion  to  the  temperature, 
beneficial  results  might  be  obtained. 

In  reply  to  the  observations  which  had  been  made,  it  was  stated, 
that  it  had  not  been  desired  to  advance  any  crude  theory,  but  rather 
to  narrate  facts.  The  rationale  of  the  principle  advocated  had  how- 
ever been  given  in  the  paper,  nearly  in  the  words  of  Prof.  Regnault, 
of  the  French  Academy.  The  difference  between  superheated  and 
combined  steam  was  stated  to  consist  in  this,  that  superheated  steam 
being  of  a  gaseous  nature,  was  a  bad  conductor  of  heat,  and  parted 
with  it  with  difficulty;  whereas  combined  steam  being  pure  vapor,  and 
a  better  conductor  of  heat,  parted  with  the  heat  more  readily  and  left 
more  heat  in  the  cylinder  of  the  engine,  which  was  converted  into  me- 
chanical power.  The  engineer-in-chief  of  the  United  States  Navy 
had  proved  that  there  was  an  economy  in  the  use  of  the  combined 
steam  of  52-5  per  cent,  over  ordinary  steam,  and  25  per  cent,  over 
superheated  steam.     The  experiments  conducted  under  the  authority 
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'>{  the  Minister  of  Marine  of  France,  gave  nearly  tlic  same  results,  the 
figures  being  5-'7  and  'J4*0  ])er  eent.  respeetively. 

In  the  IJritisli  Admiralty  yaelit  Jilack  Eatfle^  there  liad  been  found 
to  be  a  savini:  of  'JO  per  eeiit.  in  favor  of  the  cunibincd  over  the  simply 
superheated  steam. 

In  closing  the  discussion  it  was  stated  that  the  general  opinion  ap- 
:)eared  to  be,  that  the  practical  introduction  of  the  system  of  supcr- 
lieating  steam  was  greatly  owing  to  the  exertions  of  Mr.  Wethere*!. 
lie  had  succeeded  in  moving  the  British  l^oard  of  Admiralty  when, 
:)erhaps,  an  English  engineer  might  not  have  been  so  successful ;  but 
;his  should  be  a  subject  of  congratulation,  as  it  was  desirable  at  all 
:imes  to  give  the  greatest  encouragement  to  foreigners,  so  as  always 
:o  attract  the  best  talent  from  other  countries.  The  case  did  not,  how- 
ever, seem  to  be  clearly  established  in  favor  of  combined  steam  ;  it 
rested  upon  the  facts  which  had  been  stated,  and  not  upon  any  scicn- 
:ific  explanation  of  the  rationale  of  the  principle,  such  as  would  ac- 
count for  the  results  claimed  for  it.  AVhen  more  than  ordinary  atten- 
:ion  was  given  to  any  machine  in  daily  use,  that  of  itself  would  often 
ead  to  economy.  This  attention  was  invariably  given  when  any  new 
nvention  was  being  tried,  and  the  whole  improvement,  or  economy, 
rt'as  supposed  to  arise  from  the  particular  modification  then  bein"" 
:ested. — Froc,  Inst.  Civ.  £ng.,  March  21th  and  April  3(7,  18G0. 


Extract  from  a  paper  "  On  Indian  Haihoays  ;  with  a  description  of 
the  Great  Indian  Peninsula  Itaihvay."'^  By  Mr.  Jas.  J.  Berkley 
M,  Inst.  C.  E. 

The  materials  procurable  in  India  for  railway  purposes  were  tlien 
mccinctly  noticed.  In  reference  to  the  manufacture  of  Indian  iron 
md  the  supply  of  coal,  it  was  remarked  that  active  and  successful 
)perations  depended  more  upon  the  completion  of  railway  communi- 
cations, than  the  railways  did  upon  a  local  supply  of  those  materials, 
rhe  properties  of  a  few  of  the  various  kinds  of  woods  which  had  been 
extensively  used,  were  then  stated.  Those  which  had  been  successive- 
y  converted  into  sleepers  were — teak,  blackwood,  khair,  errool,  and 
•ed  eyne.  The  cost  of  a  sleeper  varied  from  four  shillings  to  seven 
shillings  and  seven  pence,  the  average  price  being  about  six  shillings, 
folerably  good  bricks  had  been  occasionally  procured  and  used  in 
irches,  but  in  such  cases  a  proportion  of  only  twenty  per  cent,  had 
3een  selected  from  the  best  native  kilns.  The  price  ranged  from  ten 
shillings  to  twenty-four  shillings  a  thousand.  Gunpowder  cost,  when 
made  upon  the  spot,  about  £  34  per  ton. 

^Native  labor,  by  which  these  works  had  been  executed,  was  cheap, 
but  very  inferior  to  that  of  England.  Nearly  one  hundred  thousand 
men  had  been  employed  upon  the  Great  Indian  Peninsula  Railway 
lines  at  one  time,  and  as  many  as  twenty  thousand  on  the  Bhore  Ghaut 
Incline  alone.     The  wages  of  the  several  classes  per  day  were  now — 

♦From  Xcwton'3  Londoa  Journal,  June,  ISCO. 
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imtlvc  maistrios,  or  foromcii  of  masonry,  brickwork,  or  carpentry, 
2^.  ()(/.;  masons,  1«.  JJii. ;  bricklayers,  Is.  BJ. ;  carpenters,  Is.  Gc?. ; 
smitlis,  2s.;  miners  (a  very  large  class),  9J. ;  excavators,  1ld.\  and 
laborers,  ()<?. 

The  whole  of  the  Great  Indian  Peninsubi  liailway  had  been  exe- 
cuted by  contract,  and  this,  it  was  believed,  had  led  to  remarkable 
economy  in  the  construction  of  the  various  lines.  The  average  cost 
of  the  opened  portions  had  been  about  ,£  8000  per  mile.  The  intro- 
duction of  the  contract  S3'stem  into  India,  on  a  large  scale,  was  an 
important  effect  of  railway  enterprise,  and  it  was  thought  that  its 
advantage  could  not  be  long  confined  to  railway  construction. 

Railway  enterprise  bad  already  produced  important  effects  in  West- 
ern India.  It  had  earned,  at  a  remarkably  low  tariff,  more  than  the 
guaranteed  dividend.  The  working  expenses  bad  been  low,  notwith- 
standing the  dearness  of  imported  fuel  and  European  superintendence. 
It  had  afforded  the  advantages  of  the  best  mode  of  conveyance  to 
immense  numbers  of  the  poorest  and  lowest  orders  of  the  people.  It 
bad  generated  for  itself  new  sources  of  traffic.  It  had  achieved  its 
success  in  competition  with  water  carriage,  and  when  it  was  only  in  a 
fragmental  [state.  Although  constructed  in  what  was  erroneously 
called  an  expensive  style,  the  traffic  had  already  demanded  the  par- 
tial laying  of  a  second  line  of  rails.  It  had  raised  the  wages  and 
increased  the  effectiveness  of  native  labor,  and  profitably  employed 
thousands  of  the  carriers  of  the  country.  It  had  opened  quarries 
and  brickfields,  had  impelled  trade  into  unwonted  activity,  and  drawn 
largely  upon  the  resources  of  the  country.  It  had  lessened  the  ex- 
j)enditure  of  the  state,  by  its  cheap  conveyance  of  mails  and  troops, 
and  had  augmented  its  income,  by  large  payments  of  tolls  and  duties. 
Proc,  Inst.  Civ.  Eng.,  Maij  8,  18(30. 


The  North  Atlantic  Telegraph.^ 

Long  before  the  Atlantic  Telegraph,  which  has  repeatedly  failed, 
"was  commenced,  Col.  T.  P.  Shaffner,  an  American  gentleman  of  some 
repute  as  an  electrician,  called  upon  us,  w^e  recollect,  for  the  purpose 
of  pursuing  certain  interesting  inquiries  into  the  progress  of  the  elec- 
tric telegraph  in  this  and  other  countries.  From  time  to  time  we  have 
been  advised  of  the  efforts  subsequently  made  by  this  gentleman  in 
the  interests  of  an  Anglo-American  line  of  telegraphs,  and  now  we 
have  before  us  a  full  statement  of  the  plans  to  which  his  prolonged 
inquiries  and  investigations  have  conducted  him. 

Col.  Shaffner  proposes  to  establish  a  North  Atlantic  telegraph  on 
the  following  route,  viz  :  From  the  North  of  Scotland  to  the  Bay  of 
Thorshaven,  Stromoe  Isle,  of  the  Faroe  Isles.  The  length  of  the 
cable  for  this  section  will  be  about  250  miles.  The  next  section  will 
run  fromWestermanshaven,  of  the  same  isle,  to  about  Portland,  South 
Iceland,  a  distance  of  about   350   miles.     From  this  landing  the  line 

*  From  the  Mechanics'  Magazine,  May,  ISCO. 
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ill  bo  constructed  across  Iceland  to  lu'ijkiavik.  From  the  Bay  of 
cijkiavik  the  next  vsection  of  calde  will  he  run  to  some  bay  on  tbo 
jst  coast  of  Greenland,  south  of  latitude  01  (leg.  north.  I'hi.s  dis- 
ncc  >vill  be  about  650  or  (JOO  miles.  It  is  proposed  to  run  (he  lino 
M'oss  the  southern  end  of  (Jreenland.  The  fourth  section  of  cable 
ill  be  run  from  one  of  the  bays  of  the  wc^t  coast,  south  of  the  lati- 
ide  01  de<J!;.  north,  to  Hamilton's  Inlet,  on  the  Labrador  coast,  a  dis- 
nce  of  about  0(K)  miles.  The  airgregate  submarine  telegraph  will 
>  about  1750  miles;  land  lines  about  .300  miles,  total,  some  '2050 — 
)out  the  same  length  as  tl»e  Atlantic  cable  from  Ireland  to  Newfound- 
nd.  In  a  p;i])er  read  a  \'vw  d:\ys  since  before  the  lloyal  Geogra})hi- 
il  Society,  Col.  Shafliier  quoted  the  above  figures  as  correct  estimates, 
id  stated  that  the  concession  for  this  telegraph  has  been  granted  by 
s  Majesty  the  King  of  Denmark,  so  far  as  it  may  occupy  Danish 
rritory.  There  is  no  monopoly  of  the  line  reserved  to  the  Danish 
)vennuent,  but  its  impartial  use  is  guaranteed  to  the  "whole  Avorld. 
he  government  has  ])ledged  itself  to  "bestow  all  necessary  care, 
gilancc,  and  means  which  may  be  within  its  command,  to  insure  the 
ee,  impartial,  and  unhindered  use  of  the  said  telegraph  line."  If, 
)wever,  the  British  government  should  desire  a  wire  for  the  trans- 
ission  of  its  own  despatches,  a  franciiisc  can  be  given  to  it,  and  the 
le  of  that  franchise  will  be  defended  by  the  Danish  government 
with  all  the  means  within  its  command." 

The  distinguishing  feature  of  this  plan  is,  of  course,  the  shortness 
submarine  circuits  which  it  secures,  and  the  consequent  avoidance 
'  those  electrical  difficulties  which  attend  the  use  of  very  long  cir- 
lits.  The  longest  circuit  required  will  be  but  000  miles — which  is 
)0  miles  less  than  one  already  in  successful  operation.  Through 
ch  a  circuit  the  promoters  say  they  can  transmit  at  least  twenty 
3rds  per  minute.  "It  will  be  a  financial  question  that  will  determine 
e  capacity  of  the  cables  for  the  commercial  telegraphy,"  says  Col. 
laffner.  "  Between  Scotland  and  the  Faroes,  and  between  the  Fa- 
es  and  Iceland,  cables  can  be  laid  that  can  equal  the  working  of  a 
luble  line  of  cables  across  the  other  sections  of  the  route,  or  perhaps 
may  be  found  best  to  construct  them  for  the  short  sections  with  tw^o 
res  for  telegraphing,  and  on  the  other  sections  with  three  or  more 
nducting  wires.  If  either  one  of  the  sections  fail,  the  whole  are 
<t  lost,  and  another  cable  can  be  promptly  submerged." 
The  depths  of  the  seas  w^hich  would  be  traversed  by  the  proposed 
ble  are  but  little  known.  A  few  soundincfs  were  taken  on  the  route 
3t  autumn,  when  Col.  Shaffner  made  the  voyage  from  Labrador  to 
reenland  in  a  200-ton  barque,  and  effected  a  reconnaissance  of  that 
rt  of  the  route.  His  examinations  were  general,  and  not  in  suffi- 
}nt  detail  to  justify  him,  in  his  opinion,  in  specifying  the  proper  lo- 
lities  for  the  landings  of  the  cables  ;  and  it  is  for  this  purpose,  and 
r  making  the  most  complete  survey  of  the  seas  and  lands,  and  for 
aking  scientific  observations  generally,  that  a  government  expedition 
.s  been  requested,  as  stated  in  our  last  number.  Besides  the  aid  to 
I  given  by  the  government  in  the  survey,  we  understand  that  a  pri- 
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vate  cxpodltlon  will  l)C  sent  to  fix  the  route  on  the  respective  territories 
to  be  traversed  by  the  tel('^n-aj)]i.  Tlie  water  between  Scotlanel  and 
the  Faroe  Islands,  and  thence  to  Iceland,  is  not  very  deep — not  ex- 
ceeding, perhaps,  lOUO  fathoms,  and  there  can  be  no  doubt  but  that 
the  bottom  is  very  deep  mud.  The  soundln*^^s  taken  last  fall  between 
Iceland  and  (jreenlanil,  j)r<ned  tlie  greatest  dejjtli  of  wuter  was  ];j4(J 
fathoms.  The  mud  brought  from  the  bottom  has  been  examined  by 
Professor  Ehrenberg,  of  Ikrlln,  and  he  says  that  he  found  it  "  to  con- 
tain numerous  shells  with  life-being  forms  therein,  which  (in  his  opin- 
ion) exist  alive  at  the  bottom  of  tiic  sea."  With  regard  to  the  sand 
contained  in  the  specimens,  he  says,  that  "it  is  no  rolling  sand,  but 
fragmentary,  broken,  and  dissolved  stones  of  mountains.  The  gra- 
nules arc  not  round,  but  with  acute  sides.  The  granite  sand  consists 
of  much  glimmer  and  quartz,  with  green  crystal  fragments,  which 
might  be  hornblende  were  there  particles  of  pumice-stone,  but  which 
are  not  at  all  therein  to  be  found."  It  would  seem  that  the  bottom  oi 
the  sea  gradually  descends  to  1540  fathoms  from  Iceland,  and  then  iu 
the  same  manner  ascends  to  the  Greenland  coast.  To  determine  the 
correctness  of  this  opinion  further  soundings  are  required.  The  Arc- 
tic current,  perhaps  some  thirty  feet  deep,  and  by  some  supposed  tc 
be  fifty  miles  wide,  carries  with  it  large  quantities  of  ice,  from  which 
earth  drops  to  the  bottom  of  the  sea.  The  sea  between  Greenland 
and  Labrador  was  found  by  Col.  ShajQfner  to  be  2090  fathoms,  which 
was  about  under  the  Arctic  current,  west  of  Greenland,  latitude  61 
deg.  -05  min.  North-west  of  this  sounding  the  deepest  water  found 
was  1840  fathoms.  The  bottom  in  Davis's  Strait  was  soft  mud,  excepi 
under  the  Arctic  current,  where  it  was  coarse  sand,  which  had  been 
evidently  dropped  from  the  ice.  On  many  icebergs  maybe  seen  large 
quantities'of  sand  and  bowlders  of  several  inches  in  diameter. 

The  precise  places  for  the  landings  of  the  cables  have  not  yet  beer 
determined  upon,  but  Coh  Shaffner  has  brought  together  many  useful 
facts  for  the  guidance  of  the  projectors.  There  are  good  bays  or 
North  Scotland,  and  there  need  not  be  any  fears  as  to  that  part  oi 
the  route.  The  bay  of  Thorshaven,  island  of  Stromoe,  of  the  Faroe 
group,  is  approached  from  the  deep  sea  without  obstruction,  and  its 
bottom  is  sand.  The  average  depth  of  water  in  the  bay  is  about  2C 
fathoms.  Thorshaven  is  the  capital  of  the  Faroe  islands,  and  hat 
about  900  inhabitants.  The  cable  to  Iceland  will  leave  Westermans- 
haven  on  the  west  coast  of  the  Stromoe  Isle.  The  bay  is  deep,  he 
says,  bottom  sand,  and  free  from  the  ocean  waves.  On  the  soutl: 
coast  of  Iceland,  about  long.  19  deg.  W.,  or  at  Portland,  it  is  pro- 
posed to  land  the  cable.  The  bottom  of  the  sea  approaching  nearl} 
the  whole  south  coast  of  Iceland  is  sand.  The  coast  is  free  from  ice 
winter  and  summer.  The  cable  to  Greenland  will  run,  Col.  Shaffnei 
continues,  from  Reijkiavik  bay.  The  depth  of  water  in  this  bay  is 
favorable,  the  bottom  is  mud  and  sand.  It  is  free  from  ice,  w^intei 
and  summer,  excepting  a  little  crust  near  the  shore.  Arctic  ice  is 
never  seen  in  that  bay,  except,  perhaps,  once  in  a  century.  Reijkia- 
Yik  is  the   capital  of  Iceland,  and  its  inhabitants  have  the  highest 
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iom'oo  of  education.  The  laiiiling-placos  on  Greenland  require  to  be 
jeK'oteil  witli  great  care,  and  after  much  inve.sti;xation.  It  is  proposed 
;o  land  on  the  east  coast,  in  one  of  the  many  baN's  sontli  of  latitude 
31  (K'g.  north,  and  on  the  west  coast  near  the  town  <if  .Iulian>haab, 
)r  south  of  tliat  i)hu'e,  connecting  tlie  two  \vitli  :i  line  across  Grecn- 
and.  The  bays  penetrate  to  the  interior  ten,  twenty,  or  tliirty  miles, 
ind  some  of  them  never  freeze,  nor  does  the  ice  from  the  sea  go  np 
liem  more  than  a  few  miles.  They  arc  very  deep,  and  bergs  never 
p'ound  in  them  ;  the  bottoms  are  of  mud  and  sand.  The  characters 
)f  tlie  bays  on  the  two  coasts  arc  mucli  the  same,  and  the  Arctic  cur- 
'cnt  does  not  aj)proach  the  coast  on  either  side.  From  the  sea  into 
hese  bays  the  water  is  deep,  far  below  the  reach  of  the  greatest  ice- 
)ergs.  To  make  the  selection  of  the  proper  bays  for  the  landing^s  of 
he  cables,  the  fullest  information  as  to  the  depth  of  water  from  the 
;ea  will  be  reiiuired.  Some  of  the  inlets  bring  out  ice,  but  most  of 
hem  do  not ;  many  of  them  are  iQW  miles  wide.  As  to  Labrador, 
lamilton's  Inlet  affords  all  the  desired  advantages.  This  inlet  runs 
nterior  about  140  miles,  and  at  its  mouth  it  is  thirty  miles  wide.  The 
vater  is  deep  and  the  bottom  is  sand.  At  its  mouth  there  is  a  deep 
rench  to  the  sea,  and  a  cable  laid  in  that  trench  would  never  be  dis- 
urbed  by  the  sea.  Above  and  below  the  mouth  of  Hamilton's  Inlet 
here  are  shoals  or  reefs,  some  thirty  miles  from  the  coast,  and  many 
cebergs  ground  on  them.  After  they  melt  or  break  to  pieces  they 
)ass  over  and  beyond  the  mouth  of  the  inlet.  They  never  ground  at 
he  mouth,  nor  do  they  enter  into  the  inlet. 

The  above  statements  are  made,  let  it  be  understood,  on  Col.  ShUff- 
ler's  authority.    AVe  take  the  following  extract  also  from  his  Paper : — 

The  landinfjs  on  the  Faroe  Islands  and  Iceland  will  never  be  disturbed  by  ice.  They 
re  open  ports,  and  vessels  can  go  and  come  from  them  at  all  seasons  of  the  year.  'I'he 
oasts  of  Greenland  and  Labrador  are  beset  with  much  ice.  The  cast  coast  of  Grecn- 
ind  is  but  little  settled.  The  inhabitants  trade  with  the  colony  near  Cape  Farewell, 
ut  they  go  and  return  from  time  to  time  in  their  skin-boats.  The  Arctic  or  Spitzbergen 
urrent,  with  the  floe  ice,  does  not  approach  the  coast,  and  much  of  the  time  that  the 
oe  ice  runs  between  Greenland  and  Iceland  the  water  near  the  coast  is  free  from  ice. 
""he  floe  ice  on  the  east  coast  may  be  seen  in  more  or  less  quantities  in  the  months  of 
'ebruary,  March,  April,  Ma}',  and  a  part  of  June.  Sometimes  it  appears  in  the  last 
ays  of  Januar}',  and  occasionally  disappears  in  Ma}".  The  coast  or  berg  ice  may  be 
een  occasionally  throughout  the  year.  On  the  east  coast  neither  the  berg  nor  the  floe 
:e  penetrates  the  bays,  and  a  cable  laid  therein  would  never  be  disturbed  by  them  even 
?ere  the  waters  shallow.  The  hills  on  the  coast  are  covered  with  grass  and  berry  bushes, 
^'he  climate  is  not  severe.  The  native  ice  is  not  very  thick,  and  if  it  was  the  cable 
ould  not  be  injured  by  it.  The  west  coast  in  Julianshaab  district  is  settled  by  some 
000  Esquimaux  and  Danes.  Their  houses  are  to  be  found  on  many  of  the  hills,  and 
he  skin-boats  are  to  be  seen  at  nearly  all  times  in  some  of  the  bays.  The  floe  ice  runs 
lorlhward  a  few  miles  from  the  coast  during  the  months  that  it  is  seen  on  the  east 
oast.  Between  the  green  hills  and  the  floe  the  sea  is  open  and  free  from  ice — except, 
erhaps,  here  and  there  a  berg  may  be  seen.    Icebergs  from  Batlin's  Bay,  or  the  various 

blinks"  more  northward,  will  be  found  scattered  along  the  coast.  Some  ground  on 
lie  reefs  or  shoals,  some  are  blown  into  the  bays,  and  others  pass  olF  to  the  south. 
!'hose  blown  into  many  of  the  bays  seldom,  if  ever,  get  out.  If  the  bays  have  currents 
rom  the  interior  they  are  taken  out  to  sea,  but  if  their  waters  be  quiet,  as  many  of  them 
re,  the  bergs  are  blown  to  the  land  and  ground.  There  they  remain  until  the  winds, 
he  sun,  and  the  tidal  waves  crumble  them  to  pieces.  Between  the  Arctic  current  and 
[le  coast  many  of  the  icebergs  remain  for  weeks,  and,  in  fact,  until  broken  to  pieces  and 
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moltpd.  The  larcjpst  irrhprp;  m:iy  he  kdiiip  cif^Iity  feet  nhovo  wnfrr,  but  as  to  ihoir  dcptl 
in  tlu'  water,  no  one  known,  nor  in  it  possiMr  to  nHcrrtain.  'i'lit;  theory  as  to  tlie  k[)«' 
cific.  gravity  of  \vv,  cnntiot  lio  applied  to  detertninc  the  (lc|)th  of  any  given  berjj.  'J'h 
ico  Hl>ove  water  may  be  tho  eono  aKcendin^j  from  a  very  broad  base.  In  moat  case 
very  binh  bergs  are  very  wide  below  water,  and  when  the  base  becomes  re(Juced,  th 
hcv]i  falls,  and  a  new  projection  is  seen  from  the  water.  Tho  cruiiiblin}^  of  bergs,  am 
the  changing  of  tijeir  positions,  are  to  bo  seen  going  on  at  nearly  all  limes.  A  rougi 
Hoa  soon  exposes  the  form  and  si/o  of  tin*  berg,  and  a  careful  judgment  can  detormin 
the  probable  bulk.  'I'he  ber^s  on  tho  Labrador  coast,  are  of  the  Han)o  kind  as  those  oi 
the  Greenland  coast.  They  go  south  in  great  (|uantilies  until  checked  by  the  eddy  cm 
rents  on  the  east  coast  of  Mewfoundland.  Many  of  them  etiter  the  bays  of  Newfounil 
land,  and  a  cable  hiid  therein  will  1)0  njore  liable  to  be  injured  by  the  ice  than  those  lai 
on  the  Greenland  or  Labrador  coasts. 

Wc  think  Col.  Sliiiffnor  is  likely  to  meet  witli  all  needful  encourage 
ment  in  this  attempt  of  his.  The  commercial  world  wants  a  telegraph 
to  America,  and,  notwithstjinding  former  failures,  are  prepared  to  firx 
funds  for  a  new  attempt,  if  it  has  any  real  promise  in  it.  Regions  o 
lliick-rihbed  ice  do  not  seem  very  promising  places  for  telegraphs  ani 
telegraphic  operations;  but  late  events  have  familiarized  us  with  thos 
regions,  and  there  is  good  reason  for  believing  that  the  mechanics 
difficulties  which  will  interfere  with  the  new  Atlantic  Telegraph  wi] 
be  more  easily  surmountable  than  the  electrical  difficulties  of  the  mor 
southern  route.  In  the  absence  of  a  mid-Atlantic  island  or  two,  i 
may  be  wise  to  run  away  northward  for  a  bit  of  land  to  plant  a  sta 
tion  upon. 

Meantime  we  must  not  forget  that  the  old  Atlantic  Telegraph  Con] 
pany  have  sent  out  an  expedition  for  the  purpose  of  restoring  thei 
cable,  which  has  only  failed,  they  say,  because  a  fault  in  the  insuLi 
tion,  which  existed  before  its  immersion,  was  allowed  to  escape  notice 
They  contend  that  there  is  reason  to  believe  the  insulation  remain 
perfect  in  the  deep-water, portion,  and  that  experience  affords  ground 
for  anticipating  the  recovery  of  the  injured  portions.  Mr.  Sawarc 
the  Secretary  to  the  Atlantic  Company,  in  a  letter  just  received,  com 
pares  the  two  rival  routes,  showing  that  the  extreme  length  of  th 
existing  Atlantic  line  of  Telegraph  (from  London)  is  but  2650  miles 
whilst  that  of  the  Danish  route  will,  he  says,  be  3773  miles.  To  Avor 
this  line  of  nearly  4000  miles  at  a  remunerative  speed  would,  he  adds 
require  relays  at  each  broken  point — in  all  not  less  than  14  sets  c 
relays  to  be  worked  in  synchronous  connexion,  each  with  each.  Thes 
continuous  sections,  owing  in  a  great  degree  to  their  circuitous  cours 
and  their  constant  change  of  position  in  reference  to  the  magnetisi 
of  the  earth — the  first  links  being  south  to  north,  then  east  to  wes 
and  lastly,  north  to  south — would,  he  argues,  more  than  in  any  othe 
quarter  of  the  earth,  and  in  a  greater  ratio  than  any  direct  line,  b 
subject  to  the  adverse  influences  of  earth  currents,  magnetic  storm; 
aurora  borealis,  the  chance  of  accidents,  and  other  disturbing  cause: 
always  more  incident  to  long  and  frequently-broken  circuits,  and  an 
one  of  which  would  destroy  for  days  the  synchronous  working  of  tli 
relay  system,  and  reduce  the  operation  at  best  to  one  of  slow  an 
tedious  repetition  from  station  to  station.  "  I  would  further  remark, 
he  says — and  he  is   quite  right  in  saying  so — "that  any  survey  ( 
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Llio  (rroeiiland  co:ist,  with  the  view  to  ascertain  its  capabilities  as  a 
cubK'  station,  wouhl  not  he  at  all  conclusive  or  satisfactory  if  it  <h)es 
not  enihrace,  at  the  very  least,  eight  or  nine  months'  resident  exami- 
nation of  the  coast,  both  on  its  eastern  and  western  sides;  as  the 
practicability  of  that  route  for  teleirraphic  purposes  must  depend,  not 
nii'rely  upon  the  b;ire  ])0ssibi1ity  of  laying:  a  cable  there  during:  one 
particular  month  in  a  Cireenland  sunnner,  but  upon  the  probability  of 
its  remaining  intact  during  the  stormy  seasons,  and  the  facilities  for 
rapidly  repairing  it  when  broken." 


On  the  Wave-line  Tlteoryr^  ]>y  John  Scott  Hi  ssell,  Esij.,  F.  11.  S. 
J>oing  an  abstract  from  his  Paper  read  before  the  Institution  of 
Kaval  Architects,  March  3,  18li0. 

After  briefly  recapitulating  the  chief  portions  of  the  Paper  which 
he  read  at  the  Inaugural  Meeting,  two  days  before,  the  Author  said 
his  object  in  his  present  Paper  was  to  consider  the  nature  of  the  mo- 
tion imparted  to  water  when  disturbed  by  a  vessel  pushed  through  it 
by  motive  power  of  any  kind.  It  was  in  the  investigation  of  this 
subject  that  he  had  seen  some  of  the  most  important  principles  that 
^uide  us  as  to  the  general  proportions  of  ships,  as  well  as  their  shape, 
with  reference  especially  to  velocity. 

The  first  inquiries  to  be  made  were, — what  became  of  all  the  water 
wbi:h  a  ship  removed  out  of  her  way  ?  and  how  did  it  get  out  of  the 
«N-ay  ?  In  prosecuting  these  inquiries  the  Author  had  first  employed 
1  small  trough  or  canal,  a  foot  wide,  a  foot  deep,  and  of  considerable 
length,  and  began  with  a  very  simple  experiment,  lie  supported  a 
small  heap  of  water  above  the  level  of  that  in  the  trough  bv  means 
3f  a  partition  at  one  end,  and  then  withdrew  the  partition  to  see  what 
the  water  would  do,  and  found  that  it  assumed  a  beautiful  wave-form 
jf  its  own,  ran  along  the  whole  length  of  the  channel  to  the  end,  and 
left  the  surface  of  the  water  over  which  it  passed  as  still  as  it  was 
before.  Had  the  end  of  the  trough  been  just  level  with  the  surface 
Df  the  still  water,  the  wave  would  have  jumped  over  and  left  the  whole 
3f  the  water  in  the  canal  perfectly  undisturbed.  This  phenomenon  is 
now  known  as  the  '•solitary  wave  of  translation."  This  wave  would 
travel  to  an  almost  incredible  distance.  The  Author  had  followed  such 
1  wave  on  horseback,  and  by  other  means,  for  miles.  It  leaves  a  little 
Df  itself,  however,  along  the  whole  surface  over  which  it  passes. 

The  next  fact  ascertained  was  that,  whenever  the  bow  of  a  ship  is 
moved  through  the  water  a  wave  of  this  kind  is  produced,  and  this  is 
the  "traveling''  or  "carrier  wave,"  which  gets  rid  of  all  the  water 
Dut  of  the  canal  which  the  vessel  has  to  excavate.  The  ship  feels  no 
more  of  it,  for  it  spreads  itself  in  a  thin  film  all  along  the  surface  of 
the  water  ahead  of  the  vessel — not  behind  the  vessel,  nor  on  each  side 
Df  it — with  a  far  greater  velocity  than  that  of  the  vessel  itself.  After 
laving  made  experiments  on  a  small  scale,  the  Author  took  vessels  on 
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a  larfjfc  scale,  hnd  them  drafi^rrcd  by  liorses,  and  in  otlier  ways,  through 
tlic  ^v;^t(•^,  and  hy  ])().sitivc  observations  and  nicasurcnicnt  found  tliat 
tliis  ^vas  really  Avhat  became  of  the  water  displaced  by  the  bow  of  a 
boat.  On  oni^  occasion  lie  drew  so  large  a  number  of  boats  along  a 
canal  in  one  direction,  on  a  certain  day,  that  the  waves  carried  a  great 
])art  of  the  water  from  one  end  of  the* canal  to  the  other,  and  in  the 
evening  tlie  water  in  the  canal  was  found  raised  18  inches  at  one  end, 
and  depressed  to  the  same  extent  at  the  other.  The  velocity  with  which 
tbe  traveling  wave  moved  was  found  to  depend  entirely  on  the  depth 
of  the  water. 

At     3   feet  deep  the  wave  travels    fi  miles  an  hour. 

ti     I  ((  i<  ]{)  »< 

"10  "  "  12  " 

(<    ]5  (<  <(  ]5  <( 

«  20  '«  "18  " 

t<  30  "  "  20  " 

"  40  "  "  25  " 

"  50  "  "  30  " 

In  addition  to  a  constant  velocity  this  wave  has  a  constant  shape,  a 
drawing  of  which  was  exhibited  by  the  Author.  And  a  most  extra- 
ordinary circumstance  was  that  its  form  corresponded  exactly  with 
the  form  of  bow  which  he  had  previously,  and  from  altogether  differ- 
ent considerations,  constructed  as  the  form  of  least  resistance.  More- 
over, he  found  that  what  he  had  endeavored  to  do  in  constructing  that 
form,  viz  :  move  the  particles  of  water  gradually  out  of  the  way  from 
one  position  of  rest  to  another,  the  traveling  Avave  also  did;  for  on 
closely  observing  the  water  in  the  experimental  trough  under  the  ac- 
tion of  such  a  wave,  he  observed  that  it  lifted  every  particle  of  water 
over  Avhich  it  passed  out  of  one  place  forward  into  another  place,  and 
there  left  it  perfectly  at  rest.  In  the  traveling  wave,  therefore,  as  in 
ordinary  waves,  the  particles  of  water  composing  it  were  continual- 
ly being  replaced  by  others,  while  the  wave  itself  advanced  without 
apparent  change.  The  foregoing  facts  convinced  the  Author  that  the 
form  of  bow  which  he,  had  adopted,  and  which  has  since  been  called 
the  "wave  form,"  was  analogous  and  conformable  to  the  nature  of 
water  and  of  wave  motion. 

Like  many  others,  the  Author  at  first  thought  that  the  stern  of  a 
vessel  ought  to  be  of  the  same  form  as  the  bow ;  but  thought  it  pro- 
per to  undertake  a  series  of  experiments  with  the  view  of  ascertain- 
ing what  happened  when  a  hole  in  the  water  had  to  be  filled  up.  Where 
did  the  water  that  filled  it  come  from  ?  And  how  did  it  come  ?  He 
first  found  that  the  hollow  made  in  the  water  had  no  tendency  to  tra- 
vel with  an  independent  velocity  of  its  own,  but  moved  just  as  fast, 
and  only  as  fast,  as  the  body  Avhicli  produced  it.  He  then  discovered 
that  the  currents  of  water  rushing  into  such  a  hollow,  from  different 
directions,  met  and  produced  a  wave,  which  he  called  the  "  following 
wave,"  or  the  "  refilling  "  or  "  replacing  wave,"  and  which  always 
moved  with  the  velocity  of  the  ship,  and  had  nothing  to  do  with  the 
depth  of  the  water.     The  "following  wave  "  also  repeated  itself  in 
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nn  endless  series  astern  of  tlie  vessel.  Tlio  Author  explained  that 
till'  nature  of  tliis  wavo  rccjuircd  that  the  stern  of  the  sliip  shouid  he 
foniK'tl  of  cyeloidal  curvts,  and  showed  how  this  fact  was  aj)plied  in 
actual  construction. 

The  Author  niiirht  he  asked  (reverting  to  the  wave  at  the  how) — 
what  hecanie  of  the  water  at  tlie  how  supposinpr  he  dra^^^ed  the  hoat 
faster  than  the  water  could  spread  itself?  The  answer  was — With 
only  a  moderate  force  at  his  disposal  the  hoat  could  not  be  made  to 
travel  faster;  hut  if  he  had  force  enough  to  compel  it  to  go  in  spite 
of  the  water,  the  water  would  rise  up  and  stand  on  both  sides  of  the 
boat  until  the  load  had  passed,  and  then  fall  down  into  the  hole  left 
behind  it.  In  a  shallow  canal  in  Scotland,  where  the  carrier  wave  tra- 
veled only  seven  miles  an  hour,  he  had  compelled  a  hoat  to  go  ten 
miles,  and  he  found  that  the  water  not  oidy  rose  up,  hut  lifted  the  boat 
with  it,  so  that  she  drew  less  water  than  before,  and  actually  went 
easier  at  ten  miles  an  hour  than  at  five.  Had  not  railways  come  into 
fashion  just  at  the  time,  the  country  would  have  been  covered  with 
little  troughs,  and  people  would  have  been  riding  on  the  tops  of  these 
waves  in  an  easier  and  cheaper  mode  than  by  any  other  means  then 
known. 

After  explaining  the  different  results  which  are  sometimes  obtained 
at  trials  in  the  Thames,  owing  to  the  velocities  of  the  traveling  wave 
varying  with  the  depths  of  the  water,  the  Author  described  the  best 
means  of  observing  the  wave  on  rivers  and  other  like  places,  and  then 
proceeded  to  the  application  of  some  of  the  principles  before  laid 
down  to  practice.  Fir;st,  he  said  it  was  a  delightful  circumstance  that 
the  wave  principle  did  not  meddle  at  all  with  the  form  of  a  ship's  mid- 
ship section,  but  left  the  conductor  entirely  free  to  adopt  any  form  of 
section  he  pleased.  Xext,  it  did  not  tie  him  down  to  any  proportion 
3f  depth  to  breadth.  It  was,  therefore,  a  plastic  thing,  and  could  be 
applied  to  any  general  form  of  ship  whatever.  The  third  and  most 
important  proposition  was,  that  the  wave-line  prescribed  the  exact 
length  of  ship  for  every  speed  at  which  you  Avished  a  ship  to  go,  and 
explains  why  a  long  ship  is  indispensable  to  speed.  To  go  six  miles 
an  hour,  your  vessel  must  be  at  least  80  feet  long ;  for  eight  miles  an 
hour,  50  feet  long ;  for  10  miles,  TO  feet ;  for  12  miles,  100  feet ;  for 
15,  150;  for  18,  200;  for  20,  300;  for  25,  400;  and  for  30,  500. 
The  Author  had  himself  tried  to  obtain  higher  velocities  than  these 
with  shorter  vessels;  and  he  had  got  them,  but  at  such  a  fearful  \^-aste 
of  power  that  it  was  insanity  and  folly  not  to  lengthen  the  vessels  for 
the  purpose.  The  wave-line  theory  also  told  you  that  the  length  of 
the  bow  should  be  to  that  of  the  run  as  3  to  2.  The  cause  of  this 
was  explained. 

The  lines  of  the  Great  Eastern,  the  Author  said,  were  neither  more 
nor  less  than  an  exact  copy  of  the  wave-lines.  The  length  of  the  bow 
was  330  feet ;  the  length  of  the  run  226  feet ;  and  having  got  this 
length  of  entrance  and  run,  and  feeling  that  more  capacity  was  wanted, 
it  was  of  no  use  lengthening  the  bow  or  the  run,  because  there  was 
already  provision  for  greater  speed  than  the  15  miles  an  hour  which 
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the  power  to  be  put  into  lior  could  be  expected  to  give;  120  feet  o; 
parallel  body  "Nvere  tlicrofore  ])iit  into  licr  aiJiid.sln))s.  The  f^reat  sliij 
lui^lit  be  of"  less  iiiu'-lines  and  still  i^o  with  the  same  velocity. 

There  was  a  very  valuahle  conclusion  for  )>ractical  ship-builders  t( 
be  drawn,  independently  of  what  had  hecn  stated  about  the  lines.  Ii 
>vas  this:  that  j)ropoitionate  length  and  breadth  were  not  necessary 
Jit  all  for  a  fast  vessel.  It  was  not  necessary  for  a  fast  vessel  thai 
she  should  bo  a  narrow,  thin,  lono;  vessel  in  i)roportion  to  her  size 
The  Author  had  taken  vessels  on  the  wave-lin(,'  principle  200  feet  lon^'' 
and  had  made  them  of  every  variety  of  breadth,  and  as  lon^  as  the^ 
were  200  feet  long  and  had  the  lines  belonging  to  15  or  10  miles  ar 
hour,  so  long  they  had  gone  at  that  velocity  with  a  given  power.  Fur 
ther,  the  resistance  Avhich  a  vessel  ex])ericncc3  from  the  sticking  o: 
"water  to  the  skin  was  a  most  formidable  element  of  her  whole  resist 
ance ;  and  greater  velocity  in  proportion  to  power  would  be  got  ou' 
of  a  vessel  which  was  shorter  than  another,  and  also  broader  anc 
deeper  than  another,  providing  length  enough  for  the  velocity  aimcc 
-at  were  got  at  starting. 

The  Author's  paper  next  contained  remarks  upon  the  effects  of  the 
"wavc-line  upon  the  stability  of  ships — its  bearing  upon  the  load-watci 
line — how  it  affected  the  form  of  the  deck — how  it  should  affect  th( 
structure  of  the  vessel — how  vessels  should  be  built  upon  it  so  as  t( 
have  a  maximum  of  capacity — how  the  various  proportions  of  length, 
breadth,  and  depth  affected  resistance — how  the  whole  form  could  be 
so  managed  as  to  properly  arrange  the  balance  of  the  ship — how  th( 
wave-line  affected  the  navigable  qualities  of  a  ship — how  it  affectec 
the  materials  of  which  the  ship  should  be  built — and  how  it  influenced 
the  properties  of  sailing  ships,  paddle-steamers,  and  screw-steamers, 
respectively.  But  these  considerations  could  not  then  be  gone  into. 
They  would,  however,  appear  in  the  Institution's  forthcoming  Trans- 
actions. 

It  was  the  duty  of  the  Author,  however,  to  say  a  word  or  two  on 
the  history  of  the  subject,  and  the  degree  of  novelty  or  non-novelty/ 
to  which  it  pretended.  And  he  begun  with  saying  that  he  did  not 
claim  to  be  the  inventor  of  hollow  bows.  They  had  existed  as  far 
back  as  he  could  trace  steam  navigation.  When  he  had  first  dis- 
covered what  he  believed  to  be  the  principles  of  nature  w^hich  bore  on 
this  subject,  he  felt  that  the  form  of  vessel  which  accorded  with  them 
could  not  be  new,  and  he  set  about  examining  all  classes  of  vessels. 
He  found  proofs  immediately ;  so  many  that  he  felt  astonished  that 
the  books  and  treatises  on  naval  architecture  had  not  all  told  them  to 
do  nothing  but  make  hollow  bows  from  the  beginning.  He  showed 
that  it  must  have  been  impossible  for  barbarous  men  to  have  made  a 
rough  boat  from  two  flat  planks  without  forming  such  a  bow.  But 
the  old  tonnage  laws  had  compelled  builders  to  make  ships  of  the 
greatest  possible  capacity  compatible  with  certain  measurements. 
Hence  the  bluff  bow  was  made  a  matter  of  necessity.  When,  during 
the  wars,  we  captured  Spanish  ships  or  privateers  with  fine  and  often 
hollow  lines  below — vessels  which  sailed  admirably  under  their  origi- 
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nal  trim,  in  wliich  tlicy  wore  down  by  the  stern,  we  invariahly  found 
that  they  proved  but  dull  saiU'rs  in  our  hand.s,  ouiii^  un(h)ul>tedly  to 
the  faet  that  we  not  only  overlojided  thcni  with  wei^^hts,  but  trimmed 
them  nearer  to  an  even  keel,  and  so  brou<j:ht  the  biufl"  upper  part  of 
their  bows  down  into  the  Avater.  The  boats  of  the  Lomlon  watermen 
illustrated  the  same  ])rineiple.  The  Author  next  alludecl  to  the  IV«- 
jOt'r,  built  from  Mr.  Ditehburn's  design  by  Fletcher  and  l^'eainall,  in 
which,  on  cominij^  to  London  in  ISol]  or  7,  he  found  a  conlinnation  of 
the  views  which  he  had  embodied  in  the  Wave  in  l!So5.  lie  also  re- 
ferred to  a  boat  built  by  the  late  ^Ir.  Asshcton  Smith,  and  to  several 
other  vessels  built  successively  by  himself  and  others. 

The  Author  concluded  by  statinij;  tiiat  the  rapid  advancement  of 
confidence  in  the  wave  principle  was  owin;^  very  much  to  the  British 
Association  for  the  Advancement  of  Science,  which  had  placed  at  his 
disposal  large  means  for  the  prosecution  of  scientific  researches  into 
this  subject,  and  had  every  3'ear  enabled  him  to  publisli  to  the  world 
the  progress  which  he  was  making  in  the  investigation. 


State  of  Railways  in  Spain."^ 

At  the  close  of  tlie  year  1859,  the  following  was   the  state  of  rail- 
ways in  Spain,  with  their  annual  receipts : — 


Kiloinetrt's  in 

Kcceipts  IS.VJ. 
lU'iils  vcllori. 

Madrid  to  Alicante, 
Madrid  to  Saragossa, 
Cordova  and  Seville,     . 
Valencia  and  Almansa, 
Alar  and  Santander, 
Barcelona  to  Saragossa, 
Barcelona  to  Martorell, 
Barcelona  to  Arenys, 
Barcelona  to  GranoUers, 
Jerez  to  Trocaders, 
Langres  and  Gijon, 
Tarragon, 

Totals, 

482 

57 
131 
138 

91 

37 

27 

36 

29^ 

27.^ 

39 

14 

44.228.893 
2,126,720 
4,259,146 
6,430,425 
8,540.372 
2,905,680 
2,083,765 
4,185.787 
2,742.050 
3,717,403 

761,198 

1  109 

81,981.444 

The  Langres  and  Gijon  line,  in  1858,  received  1,832,071  reals  vel- 
lon  (1^.  =  96  reals  vellon). 


On  the  Decay  and  Preservaton  of  Building  Materials.'\     By  Prof. 

Ansted. 

Prof.  Ansted  commenced  by  directing  attention  to  the  state  of  the 
stone  in  many  of  the  principal  buildings  in  England  and  on  the  Con- 
tinent, illustrating  the  extreme  irregularity  with  which  various  mate- 
rials, and  even  various  samples  of  the  same  material,  resist  the  action  of 
the  weather  and  fall  into  decay.    He  then  described  the  chief  building 
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niMtoi-'iiils,  ox]>lalniii;j;  in  oiicli  cjisc  the  cause  of  decay.     CoinTnencinf]^ 
Avith  a  f^eiicral   remark,  that  all  stones  are  rotten   and  weathered  at 
the  top  of  a  quarry  or  near  an   earthy  surface,  and  that  the   action 
of  the  weather  on  tlieni  is  in   some  measure  thus    indicated,  he  first 
allii<l(Ml  to   f^ranite.     lie  stated  its  proporties  of  hardness  and  ^reat 
durability  in   ordinary  cases;  but  remarked   that  when  soda  replaced 
potash  in  the  felspar,  the  crystals  of  I'elspar  were  subject  to  the  action 
of  the  weather,  and  that,  from  some  cause  little  known,  the  silica  base 
also  occasionally  failed.     Still,  the  f^reat  practical  objection  to  the  use 
of  granite  is  its  cost.     Passing  next  to  the  sandstones,  he  defined  them, 
mentioning  the  chief  varieties.     He  stated  that  the  nature  of  decay 
in  sandstones  was  generally  the  faihire  of  the  cementing  medium,  Avhicli 
is  sometimes  silicious,  but  more  frequently  calcareous,  or  clayey,  or 
even  oxide  of  iron.     ]Ie  pointed  out  as  the  causes  of  decay,  the  want 
of  sufficient  cohesion  in  the  cementing  medium — the  nature  of  the  ce- 
menting medium  itself,  and  the  eff'ect  of  expansion  and  contraction  of 
water  absorbed  by  the  stone.     The  limestones  were  next  considered, 
and  the  principal  varieties  passed  briefly  under  review.     They  are  all 
freestones — some   are   crystalline,  others    semi-crystalline,  but   most 
of  them  are  earthy,  or  oolited  and  absorbent.     They  consist  of  par- 
ticles of  carbonate  of  lime,  whether  grains,  as  in  the  case  of  chalk,  or 
accumulated  lumps  like  oolite  or  roe-stone,  or  fragments  of  shell ;  and 
these  particles  are  cemented  together  by  carbonate  of  lime.    The  stones 
are  generally  laminated,  though  the  bedding  is  often  extremely  ob- 
scure.    When  exposed  to  the  action  of  the  air  in  towns,  they  absorb 
moisture  and  acid  gases  very  readily,  and  the  result  is  a  gradual  de- 
struction of  the  surface,  and  often  a  rapid  removal  of  the  particles  be- 
neath the  surface,  especially  on  the  planes  of  bedding.    When  stones 
are  not  placed  in  a  building  as  they  were  in  the  quarry,  the  surface 
peels  off  in  natural  films,  and  is  more  rapidly  acted  on  than  it  need 
be ;  but  not  unfrequently,  even  when  well  placed,  the   surface   gets 
hardened  by  exposure  more  rapidly  than  the  substance  of  the  stone,  and 
a  scaling  still  takes  place.     The  more  exposed  parts,  those  subject 
to  drip  and  constant  damp,  and  the  more  delicately  sculptured  por- 
tions, are  among  the  first  to  decay ;  and,  owing  probably  to  diff'erences 
in  the  mode  or  rate  of  deposit  of  the  mud  of  which  the  limestone  was 
formed,  or  some  partial  change  that  has  since  taken  place,  there  is 
great  irregularity  in  the  rate  of  decay.     Magnesian   limestones,  or 
dolomites,  when  quite  crystalline,  behave  like  marble ;  but  when,  as 
is  usual,  only  half  crystalline,  they  are  very  apt  to  become  reduced  to 
powder  in  parts,  and  the  decay  thence  proceeds  with  extreme  rapidity. 
The  Professor  next  proceeded  to  consider  the  remedies  for  decay.    He 
alluded  to  paint  as  at  once  unsightly  and  not  permanently  beneficial, 
and  included  the  large  class  of  preservatives  that  have  been  suggested, 
in  which  any  animal  or  vegetable  oil  or  fatty  matter  was  contained,  as 
equally  valueless,  either  peeling  off  or  rotting  in  the  stone,  and  leaving 
it  soon  exposed  to  ordinary  decay.    The  mineral  bitumens,  he  stated, 
had  not  been  much  tried,  owing  to  their  dark,  unsightly  color.    What 
is  required  is  some  mineral  preparation.    He  then  alluded  to  the  water- 
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rjlass,  a  soluble  silicate  of  potash,  ()ri;lin:illy  deseiibod  by  Dr.  Fuclis, 
iiiid  applicil  to  indurate  stone  by  M.  Kuldniann.  He  explained  the 
principle  of  this  process  as  depending  on  slow  deeonjposition  by  ex- 
[»osure  to  the  air,  and  stated,  that,  as  nieanwliile  tlie  iniliiences  of  the 
kveather  continued  to  act,  the  method  could  not  be  adupted  with  ad- 
k'antage  in  the  open  air  in  a  damp  climate,  where  preservation  is  chielly 
re([uired.  The  only  plan  that,  as  far  as  he  was  aware,  met  the  re- 
|uire!nents  of  the  case,  he  stated  to  be  that  adopted  by  Mr.  Uansume, 
iccordin;:  to  which  tiie  absorbent  surface,  whether  of  stone  or  terra- 
3otta,  was  saturateil  with  the  diluted  solution  of  soluble  silicate  of  soda, 
\\\(\  then  treated  with  a  solution  of  chloride  of  calcium.  Wy  the  mu- 
tual action  of  these  solutions,  a  double  decomposition  is  induced,  the 
silicic  acid  partin<^  with  its  soda  to  the  chlorine,  producing  chloride 
)f  sodium,  or  common  salt,  and  combining  with  the  lime  to  form 
silicate  of  lime.  The  salt  being  washed  away,  only  the  silicate  of 
lime  remains.  The  silicate  of  lime  thus  thrown  down  he  next  explained 
to  be  a  salt,  which  was  not  onlv  itself  non-absorbent  and  sin;rularlv 
powerful  in  resisting  the  action  of  ordinary'  atmospheric  influences,  but 
as  having  the  propert}'  of  adhering  rapidly  to  the  surface  of  the  mi- 
nute particles  of  Avhich  stone  was  formed,  lie  illustrated  this  by  the 
case  of  mortar  and  concrete,  which  owe  their  adhesive  properties  to 
t;his  habit  of  silicate  of  lime,  which  is  the  mineral  formed  by  the  mu- 
tual action  of  the  cement  on  the  substances  in  contact  with  it.  The 
stone  having  its  particles  thus  coated  with  silicate  of  lime,  and  all  the 
ibsorbent  surface  being  thus  protected,  the  result  is  an  immediate  and 
^reat  hardening  of  the  stone,  so  far  within  its  substance  as  the  solu- 
tions have  been  absorbed,  and  a  complete  immunity  to  that  extent  from 
the  action  of  atmospheric  influences.  The  stone  does  not  necessarily 
become  non-absorbent,  though  it  can  be  made  so ;  but  it  absorbs 
cuuch  less  rapidly  than  before,  and  appears  to  resist  decay  much  in  the 
way  that  some  of  the  best  natural  sandstones,  such  as  Craighill,  are 
known  to  do. 
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Do  Railway  Hails  ever  icear  out 

At  the  late  meeting  of  the  West  Flanders  railway,  Mr.  Herapath 
baving  mentioned  on  the  experience  of  one  of  our  ablest  practical  rail- 
way men,  that  the  rails,  unless  at  the  stations  and  places  where  there 
is  skidding,  do  not  sensibly  wear  out,  was  afterwards  spoken  to  upon 
the  subject  by  a  gentleman,  and  a  railway  chairman,  who  seemed  to 
misunderstand  what  Mr.  Herapath  said,  and  adduced  the  splitting  and 
exfoliation  of  some  of  the  rails  in  disproof  of  what  they  called  a  theory. 
Lest  others  should  run  away  with  the  same  mistaken  notions  and  mis- 
apprehensions, we  think  it  necessary  to  say  that  the  non-wearing  out 
applies  to  rails  made  with  good  iron,  not  inferior  iron  tinned  over,  as 
it  were,  with  good,  of  which  far  too  many  rails  are  made,  and  to  rails 
on  the  middle  of  a  line  over  which  the  trains  run  in  the  ordinary  way. 
Experiments  have  been  made,  by  taking  up  and  carefully  weighing 
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rails  in  tliis  position  after  12  montlis  wear,  or  more,  "which  were  found 
not  sensibly  to  luive  lost  any  wei^iit  diirinrr  that  time,  thereby  proving 
that  (here  could  have  been  no  sensible  wear.  ]5esides,  wc  have  been 
assured  that  after  bein;^  down  for  many  years,  they  showed  no  signs 
of  material  wear,  which  justifie(l  the  statement  which  Mr.  Ilerapath 
made,  on  the  authority  given  him.  It  is  true  that  near  stations  and 
j)laces  of  shunting  where  there  is  much  sliding  and  slipping  by  the  ap- 
])lieation  of  the  brakes,  or  otherwise,  there  is  very  sensible  Avear.  ]>ut 
this  is  caused  by  slipping  IViction,  not  rolling,  which  is  incomparably 
less  than  the  former,  though  it  seems  we  have  ex-railway  chairmen 
quite  innocent  of  the  knowledge  of  that  simple  fact. 
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Neiv  Secondary  Pile  of  great  potver."^     By  M.  G.  Plante. 

Jacobi  proposed  recently  the  use  of  secondary  electric  currents  for 
telegraphic  purposes,  and  Plante  had  suggested  the  substitution  of 
electrodes  of  lead  for  those  of  platinum  in  these  batteries.  A  more 
extended  study  has  convinced  him  of  their  use.  He  states  that  a  bat- 
tery with  electrodes  of  lead  has  2J  times  the  electromotive  force  of 
one  with  electrodes  of  platinized  platinum,  and  six  times  as  great  as 
that  of  one  "witli  ordinary  platinum.  This  great  power  arises  from 
the  powerful  affinity  wdiich  peroxide  of  lead  has  for  hydrogen,  a  fact 
first  noticed  by  De  la  Rive.  The  secondary  battery  which  he  recom- 
mends has  the  following  construction.  It  consists  of  nine  elements, 
presenting  a  total  surface  of  ten  square  metres.  Each  element  is 
formed  of  two  large  lead  plates,  rolled  into  a  spiral  and  separated  by 
coarse  cloth,  and  immersed' in  Avater  acidulated  with  one-tenth  sul- 
phuric acid.  The  kind  of  current  used  to  excite  this  battery  depends 
on  the  manner  in  which  the  secondary  couples  are  arranged.  If  they 
are  arranged  so  as  to  give  three  elements  of  triple  surface,  five  small 
Bunsen's  cells,  the  zincs  of  which  are  immersed  to  a  depth  of  seven 
centimetres,  are  sufficient  to  give,  after  a  few  minutes  action,  a  spark 
of  extraordinary  intensity  when  the  current  is  closed.  The  appara- 
tus plays,  in  fact,  just  the  part  of  a  condenser ;  for  by  its  means  the 
•work  performed  by  the  battery,  after  the  lapse  of  a  certain  time,  may 
be  collected  in  an  instant.  An  idea  of  the  intensity  of  the  charge 
"will  be  obtained  by  remembering  that  to  produce  a  similar  effect  it 
would  be  necessary  to  arrange  300  Bunsen's  elements  of  the  ordinary 
size  (13  centimetres  in  height),  so  as  to  form  four  or  five  elements  of 
3J  square  metres  of  surface,  or  three  elements  of  still  greater  surface. 
If  the  secondary  battery  be  arranged  for  intensity,  the  principal  bat- 
tery should  be  formed  of  a  number  of  elements  sufficient  to  overcome 
the  inverse  electro-motive  force  developed.  For  nine  secondary  ele- 
ments about  fifteen  Bunsen's  cells  should  be  taken,  which  might,  how- 
ever, be  very  small. 

Erom  the  malleability  of  the  metal  of  which  it  is  formed,  this  battery 
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is  readily  constructcMl ;  by  taking  the  [>latcs  of  lead  Kufllcicntly  tliin, 
a  lar^o  surface  may  he  placed  in  a  small  space.  The  nine  elements 
used  hy  IMante  are  placed  in  a  box  3G  centimetres  square,  filled  with 
liipiid  once  for  all,  and  placed  in  closed  jars;  they  may  also  be  ke[)t 
L-har^ed  in  a  physical  cabinet,  and  ready  to  be  used  whenever  it  is  de- 
sired to  procure,  by  means  of  a  weak  battery,  powerful  dischar«j;es  of 
ilynamic  electricity. — Cuuiptes  Ilendus,  March  2iJthj  1800. 


Dcscri2}tion  of  a  Patent  Blast  Gas  Fiumacc*  By  J.  J.  Griffin, 

F.C.S. 

The  patent  blast  gas  furnace  consists  of  two  parts,  namely,  of  a  par- 
•icular  form  of  gas  burner,  wliicli  is  supplied  with  gas  at  the  usual  pres- 
?ure,  and  with  a  blast  of  common  air,  su})})lied  by  bellows  or  a  blowing 
nachinc,  at  about  ten  times  the  pressure  at  Avhich  the  gas  is  supplied. 

Secondly,  of  a  furnace  which  is  built  np  in  a  particular  manner, 
*ound  the  flame  that  is  produced  by  the  gas-burner,  and  the  crucible 
ihat  is  exposed  to  ignition.  The  object  of  the  particular  construction 
)f  this  furnace  is  to  accumulate  and  concentrate  in  a  focus  the  heat  pro- 
luced  by  the  gas  flame,  and  to  make  it  expend  its  entire  po^Yer  upon 
iny  object  placed  in  that  focus. 

This  apparatus  can  be  made  of  various  sizes,  according  to  the  amount 
)f  work  which  is  required  from  it.  We  describe  below  a  few  varieties 
)f  the  furnace,  and  the  results  of  some  experiments  made  with  them, 
vhich  will  show"  the  reader  what  kind  of  work  it  is  able  to  execute. 

The  Gas-hurner. — The  gas-burner  is  a  cylindrical  iron  reservoir, 
containing  two  chambers,  which  are  not  Fig.  1, 

n  communication  with  one  another.  Into 
;he  upper  chamber,  gas  is  allowed  to  pass ; 
md  into  the  lower  chamber,  air  is  forced 
)y  means  of  tubes.  The  upper  part  of 
;he  burner  is  an  inch  thick  in  the  metal, 
rhrough  this  solid  roof,  holes  are  bored 
•or  the  escape  of  the  gas.  The  experi- 
nents  described  hereafter  were  made  with 
L  burner  that  contained  sixteen  holes  ; 
)ut  burners  with  six  holes,  and  with  twen- 
y-six  holes,  have  been  made  for  other  purposes.  The  number  of  holes 
lepends,  of  course,  upon  the  heating  power  required  from  the  burners. 
Che  air  passes  from  the  lower  chamber,  through  a  series  of  metal  tubes, 
)laced  in  the  centre  of  the  gas-holes,  and  continued  to  the  surface 
)f  the  burner,  so  that  the  gas  and  air  do  not  mix  until  both  have  left 
he  gas-burner,  and  then  a  current  of  air  is  blown  through  the  middle 
)f  each  jet  of  gas.  The  bottom  of  the  gas-burner  is  made  to  unscrew, 
md  the  division  between  the  two  chambers,  which  carries  the  air-tubes, 
s  easily  removable,  for  the  purpose  of  being  cleaned.     The  gas  and 
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air  pipes  nrc  botli  Imlf  an  incli  in  tlic  l)oro,  an<l  arc  ten  inches  lon;^ 
tlic  gas  lias  usually  had  a  i)r('ssiirc  of  halt'  an  inch  of  water,  and  tin 
blast  of  air  about  ten  tinies  that  pressure.  The  (quantity  of  gas  use( 
in  an  hour  'was  about  100  cubic  feet.  The  stop-cock  which  suppliec 
it  had  a  bore  of  half  an  inch. 

A\  hen  the  gas  is  lighted  and  the  blast  of  air  is  put  on,  the  flam< 
produced  by  the  gas-burner  is  quite  blue  and  free  from  smoke.  It  i 
two  inches  in  diameter,  and  three  inches  high,  and  the  point  of  greates 
heat  is  about  two  inches  above  the  flat  face  of  the  gas-burner.  Abov< 
this  steady  blue  llanic  there  rises  a  flickering  ragged  fiamc  severa 
inches  in  height,  varying  with  the  pressure  of  the  gas.  In  the  blue  liami 
thin  ])latinuiu  wires  fuse  readily. 

When  the  gas  is  burning  in  this  manner,  and  the  apparatus  is  at 
tached  to  flexible  tubes,  the  burner  may  be  inverted  or  held  sideways 
without  disturbing  the  force  or  regularity  of  the  flame,  so  that  th; 
flame  may  be  directed  into  a  furnace  at  the  bottom,  the  top,  or  the  side 
as  circumstances  may  require. 

The  following  articles  are  used  in  building  up  a  gas  furnace  fo: 
different  experiments.  They  vary  in  size  according  to  the  volume  o 
the  crucible,  or  the  weight  of  the  metal  which  is  to  be  heated. 

1.  A  circular  plate  of  fire-clay,  two  inches  thick,  with  a  hole  in  th( 
centre,  which  exactly  fits  the  upper  part  of  the  gas-burner,  which  i; 
made  to  enter  into  the  hole  three-quarters  of  an  inch.  In  externa 
diameter,  this  clay  plate  agrees  with  each  size  of  furnace. 

2.  A  cylinder  of  fire-clay,  of  which  two  pieces  are  required  to  con 
stitute  the  body  of  each  furnace.  In  the  middle  of  each  cylinder,  j 
trial  hole  is  made,  one  inch  in  diameter,  to  which  a  fire-clay  stopper  ii 
adapted. 

3.  A  fire-clay  cylinder,  ,closed  at  one  end  and  pierced  near  the  opei 
end  with  six  holes,  of  half  an  inch  in  diameter.  The  thickness  of  tht 
clay  is  immaterial. 

This  cylinder  is  three  inches  high  and  three  inches  in  diameter. 

4.  A  circular  plate  of  fire-clay,  two  and  a  half  inches  or  three  inches 
in  diameter,  and  one  inch  thick.  Similar  pieces  half  an  inch  thict 
are  useful. 

5.  A  cylinder  of  plumbago,  to  be  used  as  a  crucible  support.  It  u 
three  inches  inside  diameter  and  one  inch  in  height.  It  is  pierced  mil 
twelve  holes  of  three-eighths  of  an  inch  bore. 

6.  A  similar  cylinder  of  plumbago,  two  inches  high,  pierced  witt 
twenty-four  holes  of  three-eighths  of  an  inch  bore. 

7.  A  thin  plate  of  plumbago,  three  inches  in  diameter,  namely,  Oj 
the  same  diameter  as  the  above  three  cylinders.  It  has  a  small  hoh 
in  the  middle,  and  being  of  soft  material,  the  hole  can  be  easily  cut  oi 
filed  to  suit  crucibles  of  any  desired  size. 

To  suit  the  larger  kinds  of  crucibles  and  furnaces,  cylinders  arc 
made  resembling  the  above  in  form,  but  of  greater  diameter. 

As  in  all  cases  the  1. eating  power  of  the  gas  furnace  spreads  laterally 
and  does  not  rise  vertically,  the  most  advisable  form  of  the  crucibles 
required  for  use  in  it  is  short  and  broad,  not  tall  and  narrow,  and  the 
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mpportlng  cylinilors  must  be  slmpcd  accorclin«j;ly.  No  fire-bars  or 
pates  can  be  used  to  support  crucibles  in  tbis  frim  furnace,  because  no 
naterial  formed  into  narrow  bars  can  bulliciently  withstand  its  powers 
>f  fusion  and  combustion. 

8.  A  phnnbago  cylinder,  or  crucible-jacket,  two  and  a  balf  inches 
li^h,  two  and  a  half  inches  in  diameter,  and  a  (quarter  of  an  inch  thick 
n  the  walls.  It  has  six  holes  of  three-eighths  of  an  inch  diameter 
lear  one  end. 

9.  A  circular  cover  or  dome,  flanchcd  at  the  bottom,  and  havin;^  a 
:nob  or  handle  at  the  top.  It  is  i)ierced  with  twenty-four  holes  of  a 
[uarter  of  an  inch  in  diameter,  arranged  in  two  rows  near  the  bottom. 
riiis  dome,  when  of  small  size,  is  made  of  plumbago.  AVhen  of  largo 
ize,  of  fire-clay. 

10.  Phimba;]jo  crucibles  made  with  a  solid  overhan<xinir  rim,  the  use 
f  which  is  to  suspend  the  crucibles  over  the  gas-burner,  by  means  of 
he  cylinders  Nos.  5  and  G.  AVhen  the  crucibles  are  too  small  to  fit 
he  cylinders,  the  flat  plate  (No.  7)  is  filed  to  fit  the  crucible,  and  is 
hen  placed  on  the  cylinder,  to  whose  diameter  it  is  adapted. 

Besides  these  pieces  of  fire-clay  and  plumbago,  it  is  necessary  to  bo 
irovided  with  a  strong  iron  tripod  to  sustain  the  furnace  ;  an  iron 
lan  in  which  to  place  the  furnace  ;  and  a  quantity  of  gravel,  or  rounded 
.ints,  not  less  than  half  an  inch,  nor  more  than  one  inch  in  diameter, 
?hese  pebbles  form  an  essential  part  of  this  gas  furnace. 

Gas  Furnace,  heated  at  the  top^  exhibited 
n  section  by  Fig.  2. — a  is  the  gas-burner 
Fig.  1) ;  h  IS  the  support  for  it  when  used 
elow  the  furnace ;  c  is  the  iron  tripod  sup- 
lort  for  the  furnace;  t"Z(iare  two  perforated 
lay  plates  (No.  1)  adapted  to  the  gas-bur- 
er  a;  ee  are  two  clay  c^^linders  like  No.  2. 
.licse  pieces,  a  to  e,  are  similar  in  all  the 
urnaces  and  will  not  require  description  in 
ach  example. 

The  interior  of  the  furnace,  as  represented 
y  Fig.  2,  is  built  up  as  follows: — The  clay 
late  c7,  is  put  upon  the  tripod  c.  Over  the 
entral  hole  in  c?,  the  clay  cylinder  (No.  3) 
5  placed,  and  upon  that  cylinder  tvro  or 
liree  of  the  clay  plates  (No.  4).  Upon 
iiese  a  porcelain  or  platinum  crucible  is 
hiced.  If  it  is  of  platinum,  a  piece  of  pla- 
inum  foil  may  be  put  between  the  crucible 
nd  the  uppermost  clay  plate  to  protect  the 
rucible  from  contact  with  particles  of  iron, 
r  against  fusion  with  the  clay.  The  cru- 
ible  is  to  be  covered  by  the  plumbago  jacket, 
fo.  8.  The  space  between  this  pile  in  the 
entre  of  the  furnace  and  the  two  cylinders  ee, 
rhich  form  the  walls  of  the  furnace,  is  to  be  filled  with  flint  stones,  or 
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<;ravol,  waslicd  clean  and  dried.  Tlio  stones  wliicli  answer  best  are 
rounded,  water-'worn  ))el>l)les  of  half  an  incli  tooneincli  diameter.  These 
may  be  piled  np  to  the  top  ed^e  of  the  jacket  (No.  8).  The  number  of 
clay  plates  (No.  4)  must  be  such  as  to  brin^;  the  top  of  the  crucible  to 
the  distance  of  two  inches,  or  two  and  a  half  inches  at  the  utmost,  from 
the  Ihit  face  of  the  gas-burner  a.  In  some  cases,  merely  one  of  the  fur- 
nace cylinders  e  is  necessary,  in  which  case  the  crucible  and  its  jacket 
is  j)laced  directly  upon  tlic  cylinder  (No.  3),  and  when  only  a  moderate 
beat  is  required,  even  the  packing  with  pebbles  may  be  dispensed  with. 
Another  means  of  diminishing  the  heat  is  that  of  increasing  the  dis- 
tance between  the  gas-burner  and  the  crucible. 

The  apparatus  being  thus  arranged,  the  gas  is  to  be  turned  on,  and 
to  be  lighted,  the  blowing  machine  is  to  be  put  into  action,  and  the 
nozzle  of  the  gas-burner  is  to  be  depressed  into  the  central  hole  of  the 
clay  plate  d.  The  whole  force  of  the  blue  flame  then  strikes  the  cru- 
cible ;  part  of  it  forces  its  way  through  the  holes  in  the  jacket  (No.  8), 
and  part  of  it  rises  and  passes  over  the  upper  edge  of  the  jacket ;  after 
"whicli  it  forces  its  way  downwards  between  the  pebbles.  The  carbonic 
acid  gas  and  the  vapor  of  water  which  result  from  the  combustion  of 
the  gas,  together  with  the  nitrogen  of  the  air,  and  any  uncombined 
oxygen,  accompany  it.  No  space  being  left  open  for  the  escape  oi 
these  gases  at  the  upper  end  of  the  furnace,  they  go  downwards  througli 
the  interstices  among  the  pebbles,  and  passing  through  the  holes  in 
the  cylinder  (No.  3),  and  through  the  central  hole  in  the  lower  plate 
d,  they  escape  finally  into  the  air.  In  this  progress  the  hot  gases  give 
up  nearly  all  their  heat  to  the  flint  stones.  Water  and  gases  escape 
below  at  a  very  moderate  temperature,  water  even  runs  down  in  the 
liquid  state,  while  the  stones  rapidly  acquire  a  white  heat,  and  if  the 
blast  and  the  supply  of  gas  is  continued,  they  retain  that  white  heat 
for  any  desired  length  of  time — for  hours. 

At  the  end  of  ten  minutes  after  lighting  the  gas,  the  crucible,  placed 
in  the  desired  circumstances,  and  exposed  to  the  full  action  of  the  heat 
of  the  gas,  and  surrounded  by  substances  which  are  bad  conductors  oi 
heat,  is  raised,  wuth  the  jacket  and  pebbles  around  it,  to  a  white  heat. 
The  consequence  is,  that  the  full  power  of  the  gas-jet  is  then  exerted 
upon  the  crucible  and  its  contents,  and  those  effects  are  produced  which 
will  be  described  presently. 

If  it  is  desired  to  inspect  the  substances  subjected  to  the  action  oi 
heat  in  this  furnace,  the  gas-burner  is  lifted  out,  and  the  crucible  is 
examined  through  the  hole  in  the  clay  plate.  To  make  it  possible  tc 
inspect  substances  at  a  white  heat,  the  view  is  taken  through  a  piece 
of  dark  cobalt  blue  glass.  If  the  substances  submitted  to  heat  suffer 
no  harm  from  the  action  of  oxygen,  it  is  better  to  dispense  with  a  cru- 
cible cover,  and  to  direct  the  jet  of  flame  directly  down  upon  the  sub- 
stance to  be  heated.  The  action  is  then  more  rapid.  When  the  burner 
is  taken  out,  the  substance  in  the  crucible  can  be  stirred,  if  it  is  con- 
sidered necessary. 

The  following  experiment  will  give  an  idea  of  the  power  of  a  furnace 
of  this  description.     A  common  clay  crucible,  three  inches  high  and 
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:hroc  inches  diameter  at  the  mouth,  was  filled  with  about  24  ounces  of 
?ast  iron.  It  was  mounted  as  in  Fig.  2,  in  a  furnace  of  four  inches 
nternal  diameter,  and  ei;:ht  indies  deep.  The  pebbles  were  filled  in 
0  the  edi:;c  of  the  crucible.  No  crucible  cover  and  no  jacket  were 
jsed.  The  Hanie  was  thrown  directly  upon  the  iron.  In  a  short  time 
;he  iron  melted,  the  oxviren  then  converted  some  of  the  cast  iron  into 
uaiinetic  oxide  of  iron,  which  formed  a  thin,  infusible  mass  on  the 
surface  of  the  cast  iron.  At  twenty  minutes  from  the  lif^htin;^  of  the 
;as,  the  furnace  was  dismounted.  The  crucible  was  taken  out.  A 
lole  WiW  broken  b}^  an  iron  rod  in  the  infusible  surface  of  oxidized 
ron,  and  the  fused  cast  iron  below  it  was  decanted  into  a  mould,  and 
nade  a  clear  castin;]j  wei^zhing  twenty  ounces. 

In  the  same  small  furnace  o2  ounces  of  copper  can  be  fused  in  15 
minutes.  When  the  furnace  is  hot,  that  quantity  of  copper  or  cast 
ron  can  be  fuse<l  in  10  minutes. 

In  a  furnace  of  the  sanie  dimensions,  but  with  a  gas-burner  having 
3nly  six,  instead  of  sixteen  jets,  16  ounces  of  copper  or  of  cast  iron 
3an  be  completely  fused  in  ten  minutes  if  the  furnace  is  cold,  and  iii 
ieven  minutes  if  the  furnace  is  hot. 

These  experiments  show  that  within  twenty  minutes  a  heat  is  pro- 
iucible  in  this  little  furnace  which  is  more  than  sufficient  for  the  <le- 
composition  of  silicates  by  fusion  with  the  carbonates  of  potash,  soda, 
^r  barytes. 

(To  be  Continued.) 
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The  two  tubes  which  carry  the  carbons  are  placed  vertically,  the  one 
)ver  the  other ;  and  communicate,  the  upper  with  the  positive  pole  of 
:he  battery,  the  lower,  by  means  of  a  train  of  wheels  and  the  oscillat- 
ing apparatus,  with  the  negative  pole.  When  the  positive  carbon  de- 
scends by  its  own  weight,  it  lifts  the  negative  carbon  through  one-half 
Df  the  distance,  so  that,  as  the  negative  carbon  wastes  only  one-half 
IS  fast  as  the  positive,  the  light  is  kept  in  the  same  place.  The  oscil- 
lating apparatus  is  a  jointed  rectangle,  two  of  whose  sides  are  vertical, 
the  others  horizontal ;  one  of  the  vertical  sides  is  fixed,  and  the  other 
is  movable  and  very  delicately  suspended  so  that  it  may  either  descend 
by  its  own  weight  or  rise  by  the  power  of  a  spring  which  presses  it 
upward.  The  apparatus  carries  at  its  lower  part  a  soft  iron  armature 
corresponding  with  an  electro-magnet  operated  on  by  the  current  of 
the  battery. 

When  the  current  is  not  passing,  the  carbons  are  in  contact ;  but  as 
soon  as  the  current  is  closed,  the  magnet  becomes  active,  the  armature 
is  drawn  down,  the  oscillator  sinks  carrying  with  it  the  negative  car- 
bon, which  thus  separates  from  the  positive  carbon  which  remains  in 
its  place,  then  the  light  appears  between  the  points.  As  the  carbons 
are  consumed,  their  distance  apart  increases,  the  current  is  enfeebled, 
the  magnet  is  weaker,  the  armature  less  attracted,  and  the  oscillator 
rises;  in  rising,  it  disengages  the  train  and  the  carbons  approach  each 
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other.  As  tlic  apparatus  is  \ovy  sonsitivo,  these  are  rather  tendeTicies 
to  movenieiit  or  clum^e,  than  actual  chan;fes.  If  an  accident  sliould 
liappen,  if  one  or  both  of  the  carbons  shouhl  break,  the  current  is  sud- 
denly interrupted,  the  rnjirrnet  ceases  to  act,  the  oscillator  rises,  and 
allows  the  train  to  start  and  replace  the  carbons  in  their  proper  posi- 
tions. The  play  of  tins  apparatus  is  so  steady  and  easy  that  it  will 
"work  with  the  alternating  currents  from  the  electro-magnetic  machine. 
The  lamp  is  lighted  or  extinguished  the  moment  the  current  is  estab- 
lished or  interrupted.  The  lamp,  therefore,  becomes  very  suitable  for 
telegraphic  signals  or  for  light-houses,  in  which,  by  these  means,  the 
flashes  may  be  obtained  without  any  mechanism  for  rotation. — Academy 
of  Sciences  of  I^aris.  —  Cosmos. 


3fode  of  Etcliing  on  Glass. 

A  painter  at  B  our g- en- Br  esse  in  France,  reports  to  the  Cosmos  the 
following  singular  and  valuable  experiment:  He  traced  upon  a  piece 
of  glass  a  design  in  white-lead  mixed  with  linseed-oil,  and  when  it  had 
dried,  he  laid  it  for  a  fcAv  minutes  over  a  vessel  in  which  hydro-fluoric 
"was  generating.  When  the  glass  was  removed,  it  was  found  that  the 
parts  of  the  glass  covered  by  the  white  paint  were  etched,  while  those 
uncovered  had  not  been  attacked.  Should  this  observation  be  con- 
firmed, it  would  seem  to  open  a  new  field  to  glass-etchers. 


Loss  of  Light  ly  Glass  Shades."^     By  William  King. 

Sir  : — Having  recently  tried  some  experiments,  for  the  purpose  of 
ascertaining  the  amount  of  light  lost  by  the  use  of  various  descrip- 
tions of  glass  shades,  I  thought  that  the  results  obtained  might  not 
prove  uninteresting  to  some  of  your  readers,  more  especially  as  it  is 
a  subject  of  practical  importance,  and  does  not  seem  to  have  attracted 
the  notice  which  it  deserves. 

The  following  table  exhibits  the  amount  of  light  lost  by  the  use  of 
the  various  shades  therein  enumerated  : — 

Description  of  shade.  Loss  of  light. 

CHear  glass,  .  .  ,  .  10-57  per  cent. 

Ground  glass  Centire  surface  ground),  •  •  29-48       " 

Smooth  opal.  ....  62-83        « 

Ground  opal,  .  .  .  .  55  85        " 

Ground  opal,  ornamented  "with  painted  figures,  the  figures  intervening 

between  the  burner  and  the  photometer  screen,  .  73-98        " 

As  the  large  amount  of  light  lost  by  the  use  of  a  clear  glass  shade 
excited  some  surprise,  a  sheet  of  common  window  glass  was  placed 
between  the  burner  and  the  photometer  screen,  when  it  was  found 
that  9*34  per  cent,  of  the  light  was  intercepted,  thus  confirming  the 
result  obtained  by  the  employment  of  a  shade  of  clear  glass. 

I  may  state  that  the  shades  were  selected  from  a  large  number,  and 
great  pains  were  taken  to  obtain  an  average  specimen  of  each  kind. 

Liverpool,  Feb.  2i,  1860. 

*From  the  LoDd.  Jour,  of  Gc6  Lighting,  ic,  No.  192. 
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A  Coursr  of  Lrctures,  con»ii<thifi  of  Tlhisfrations  of  the  Varioim  Forces 
of  Mnttrr,  i.e.  of  .sii'-h  as  (ire.  called  the  Physical  or  Inonjanic  Forces."^ 
By  M.  Fakaday,  I).  C.L.,  F.  K.  S., 

LiXTURE  IT.  (Jan.  3,  18(30.) — Gravitation. — Cohesion, 
Do  nie  the  favor  to  \v.\\  ino  as  iiiucli  attention  as  you  (li<l  at  our  last 
neeting,  and  I  shall  n3t  lepent  of  that  whicii  I  have  proposed  to  nnder- 
ake.  It  will  be  impossihle  for  us  to  consider  the  Laws  of  Nature, 
md  what  they  effect,  unless  we  now  and  th?n  give  our  sole  attention, 
;o  as  to  obtain  a  clear  idea  njion  the  subject.  Give  me  now  tliatatten- 
ion,  and  then  I  trust  we  shall  not  part  without  your  knowing  sonie- 
hing  about  those  Laws,  and  the  manner  in  which  they  act.  You 
'ecoUect,  upon  the  last  occasion,  I  explained  that  all  bodies  attracted 
'ach  other,  and  that  this  power  we  called  gravitation.  I  told  you 
hat  when  we  brought  these  two  bodies  [two  eijual  sized  ivory  balls 
juspended  by  threads]  near  together  they  attracted  each  other,  and 
,hat  we  might  suppose  that  the  whole  power  of  this  attraction  was  ex- 
erted between  their  respective  centres  of  gravity;  and,  furthermore, 
fo\i  learned  from  me  that  if,  instead  of  a  small  ball,  I  took  a  larger 
me,  like  that  [changing  one  of  the  balls  for  a  much  larger  one],  there 
?ras  much  more  of  this  attraction  exerted  ;  or,  if  I  made  this  ball  larger 
ind  larger,  until,  if  it  were  possible,  it  became  as  large  as  the  Earth 
tself — or  I  might  take  the  Earth  itself  as  the  large  ball — that  then 
;he  attraction  Avould  become  so  powerful  as  to  cause  them  to  rush  togeth- 
er in  this  manner  [dropping  the  ivory  ball].  You  sit  there  upright,  and 
[  stand  upright  liere^  because  we  keep  our  centres  of  gravity  properly 
)alanced  with  respect  to  the  earth  ;  and  I  need  not  tell  you  that  on 
he  other  side  of  this  world  the  people  are  standing  and  moving  about 
vith  their  feet  towards  our  feet,  in  a  reversed  position  as  compared 
vith  us,  and  all  by  means  of  this  power  of  gravitation  to  the  centre  of 
he  earth. 

I  must  not,  however,  leave  the  subject  of  gravitation  without  telling 
jon  something  about  its  laws  and  regularity ;  and  first,  as  regards  its 
)Ower  with  respect  to  the  distance  the  bodies  are  apart.  If  I  take 
>ne  of  these  balls  and  place  it  within  an  inch  of  the  other,  they  attract 
jach  other  with  a  certain  power.  If  I  hold  it  at  a  greater  distance  off, 
hey  attract  with  less  power,  and  if  I  hold  it  at  a  greater  distance  still, 
hen*  attraction  is  still  less.  Now  this  fact  is  of  the  greatest  consequence ; 
or,  knowing  this  law,  philosophers  have  discovered  most  wonderful 
liings.  You  know  that  there  is  a  planet,  Uranus,  revolving  round  the 
un  with  us,  but  eighteen  hundred  millions  of  miles  off;  and  because 
here  is  another  planet  as  far  off  as  three  thousand  millions  of  miles, 
his  law  of  attraction,  or  gravitation,  still  holds  good,  and  philosophers 
ictually  discovered  this  latter  planet,  Neptune,  by  reason  of  the  effects 
)f  its  attraction  at  this  overwhelming  distance.  Now  I  want  you  clearly 
io  understand  what  this  law  is.  They  say  (and  they  are  right)  that  two 
)odies  attract  each  other  inversely  as  the  square  of  the  distance^ — 
I  sad  jumble  of  words  until  you  understand  them  ;  but  1  think  we  shall 

♦  From  the  Loud.  Chemical  News,  No.  6. 
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80011  compreliend  wliat  this  law  is,  and  what  is  the  meaning  of  the  *^'in- 
verse  square  of  the  distance." 

1  have  here  (Fior.  1)  a  lamp  A,  shininf]^  most  intensely  upon  tliis  disc 
KCD,  and  this  light  acts  as  a  sun  hy  which  I  can  get  a  shadow  from 


Fi-.  1. 


this  little  screen  BF  (merely  a  square  piece  of  card),  which,  as  you 
know,  when  I  place  it  close  to  the  large  screen,  just  shadows  as  much 
of  it  as  is  exactly  equal  to  its  own  size;  but  now  let  me  take  this 
card  E,  which  is  equal  to  the  other  one  in  size,  and  place  it  midway 
between  the  lamp  and  the  screen  ;  now  look  at  the  size  of  the  shadow 
BD,  it  is  four  times  the  original  size.  Here,  then,  comes  the  'inverse 
square  of  the  distance."  This  distance  ae,  is  onc^  and  that  distance 
AB,  is  two^  but  that  size  E,  being  o/ie,  this  size  bd  of  shadow  \^  four 
instead  of  two^  which  is  the  square  of  the  distance ;  and  if  I  put  the 
screen  at  one-third  of  the  distance  from  the  lamp,  the  shadow  on  the 
large  screen  would  be  nine  times  the  size.  Again,  if  I  hold  this  screen 
here  at  BF,  a  certain  amount  of  light  falls  on  it ;  and  if  I  hold  it  nearer 
the  lamp  at  E,  more  light  shines  upon  it.  And  you  see  at  once  how 
much — exactly  the  quantity  which  I  have  shut  oif  from  the  part  of 
this  screen  bd,  now  in  shadow;  moreover,  you  see  that  if  I  put  a  single 
screen  here  at  G,  by  the  side  of  the  shadow,  it  can  only  receive  one- 
fourth  of  the  proportion  of  light  which  is  obstructed.  That,  then,  is 
what  is  meant  by  the  inverse  of  the  square  of  the  distance.  This  screen 
E,  is  the  brightest  because  it  is  the  nearest,  and  there  is  the  whole 
secret  of  this  curious  expression  inversely  as  the  square  of  the  distance. 
Now,  if  you  cannot  perfectly  recollect  that  when  you  go  home,  get  a 
candle  and  throw  a  shadow  of  something — your  profile,  if  3^ou  like — 
on  the  wall,  and  then  recede  or  advance,  and  you  will  find  that  your 
shadow  is  exactly  in  proportion  to  the  square  of  the  distance  you  are 
off  the  wall;  and  then  if  you  consider  how  much  light  shines  on  you 
at  one  distance,  and  how  much  at  another,  you  get  the  inverse  accord- 
ingly. So  it  is  as  regards  the  attraction  of  these  two  balls,  they  at- 
tract according  to  the  square  of  the  the  distance,  inversely.  I  want 
you  to  try  and  remember  these  words,  and  then  you  will  be  able  to  go 
into  all  the  calculations  of  astronomers,  as  to  the  planets  and  other 
bodies,  and  tell  why  they  move  so  fast,  and  why  they  go  round  the 
sun  without  falling  into  it,  "with  many  other  curious  things. 
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Let  US  now  leave  this  sul»ject  wliicli  I  have  Avritten  upon  tlie  board 
under  the  word  Foiici: — Gravitation — and  go  a  hti'p  lurthcr.  All 
bodies  attraet  each  other  at  sensible  distances.  I  showed  you  tlie 
electric  attraction  on  the  last  occasion  (thoutrh  I  did  not  call  it  so); 
that  attracts  at  a  distance;  and  in  order  to  make  our  pro^rress  a  little 
more  simple,  suppose  1  take  a  lew  iron  j)articles  [drojtpiii«^  some  small 
fragments  of  iron  on  the  table].  There,  I  have  already  told  you  that 
in  all  cases  where  bodies  fall,  it  is  the  particles  that  are  attracted. 
You  may  consider  these,  then,  as  separate  particles  magnified,  so  as 
to  be  evident  to  your  sight ;  they  are  loose  from  each  other — they 
ill  gravitate — they  all  fall  to  the  earth — for  the  force  of  gravitation 
never  fails.  Now,  1  have  here  a  centre  of  power  which  I  will  not  name 
It  present,  and  when  these  particles  arc  placed  upon  it,  see  what  an  at- 
traction they  have  for  each  other. 

Here  I  have  an  arch  of  iron  filings  (Fig.  2)  regularly  built  up  like 
in  iron  bridge,  because  I  have  put  them  within  Fig.  2. 

i  sphere  of  action  which  will  cause  them  to  at-  -  '- 

;ract   each  other.     See  I — I  could  let  a  mouse   .^;-  -.^ 

•un  through  it,  and  yet  if  I  try  to  do  the  same 
;hing  with  them  here  [on  the  table]  they  do  not 
ittract  each  other  at  all.  It  is  that  [the  mag- 
let]  which  makes  them  hold  together.  Now 
ust  as  these  iron  particles  hold  together  in  the 
'orm  of  an  elliptical  bridge,  so  do  the  different 
^articles  of  iron  which  constitute  this  nail  hold 
ogether  and  make  it  one.  And  here  is  a  bar 
)f  iron  ;  why,  it  is  only  because  the  different  parts  of  this  iron  are  so 
vrought  as  to  keep  close  together  by  the  attraction  between  the  par- 
icles,  that  it  is  held  together  in  one  mass.  It  is  kept  together,  in  fact, 
nerely  by  the  attraction  of  one  particle  to  another,  and  that  is  the 
)oint  I  want  now  to  illustrate.  If  I  take  a  piece  of  flint  and  strike  it 
vith  a  hammer  and  break  it  thus  [breaking  off  a  piece  of  the  flint],  I 
lave  done  nothing  more  than  separate  the  particles  which  compose 
hese  two  pieces  so  far  apart,  that  their  attraction  is  too  weak  to  cause 
hem  to  hold  together,  and  it  is  only  for  that  reason  that  there  are  now 
wo  pieces  in  the  place  of  one.  I  will  show  you  an  experiment  to  prove 
hat  this  attraction  does  still  exist  in  those  particles,  for  here  is  a  piece 
>f  glass  (for  what  was  true  of  the  flint  and  the  bar  of  iron  is  true  of  the 
)iece  of  glass,  and  is  true  of  every  other  solid,  they  are  all  held  together 
n  the  lump  by  the  attraction  between  their  parts),  and  I  can  show  you 
he  attraction  between  its  separate  particles,  for  if  I  take  these  por- 
ions  of  glass  which  I  have  reduced  to  a  very  fine  powder,  you  see  that 
.  can  actually  build  them  up  into  a  solid  wall  by  pressure  between 
wo  flat  surfaces.  The  power  which  I  thus  have  of  building  up  this 
rail  is  due  to  the  attraction  of  the  particles,  forming,  as  it  were,  the 
ement  which  holds  them  together ;  and  so  in  this  case,  where  I  have 
aken  no  very  great  pains  to  bring  the  particles  together,  you  see, 
►erhaps  a  couple  of  ounces  of  finely  pounded  glass  standing  as  an  up- 
ight  wall — is  not  this  attraction  most  wonderful  ?     That  bar  of  iron 
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one  indi  sijuarc  lias  sucli  power  of  attractioTi  in  its  particles — giving 
to  it  sucli  strength — tlwit  it  will  hold  up  t^Yent_v  tons  weight  before  the 
little  set  of  particles  in  the  small  space  ecjual  to  one  division  across 
which  it  can  be  pulled  apart,  will  separate.  In  this  manner  suspen- 
sion bridges  and  chains  are  held  together  by  the  attraction  of  their 
particles,  and  1  am  going  to  make  an  experiment  which  will  show  how 
strong  is  this  attraction  of  the  particles — do  not  think  mc  a  harlequin 
or  fairy.  [The  Lecturer  here  placed  his  foot  on  a  loop  of  wire  fas- 
tened to  a  support  above,  and  swung  with  his  whole  weiglit  resting 
upon  it  for  some  moments.]  You  see,  while  hanging  here  all  my  weight 
is  supported  by  these  little  particles  of  the  wire,  just  as  in  pantomimes 
they  sometimes  suspend  gentlemen  and  damsels. 

Now  how  can  w^e  make  this  attraction  of  the  particles  a  little  more 
simple  ?  There  are  many  things  which  if  brought  together  properly 
■will  show  this  attraction.  Here  is  a  boy's  experiment  (and  I  like  a 
boy's  experiment). — Get  a  tobacco-pipe,  fill  it  with  lead,  melt  it,  and 
then  pour  it  out  upon  a  stone,  and  thus  get  a  clean  piece  of  lead  (this 
is  a  better  plan  than  scraping  it — scraping  alters  the  condition  of  the 
surface  of  the  lead).  I  have  here  some  pieces  of  lead  which  I  melted 
this  morning  for  the  sake  of  making  them  clean.  Now  these  pieces  of 
lead  hang  together  by  the  attraction  of  their  particles,  and  if  I  press 
these  two  separate  pieces  close  together,  so  as  to  bring  their  particles 
within  the  sphere  of  attraction,  you  will  see  how  soon  they  become  one. 
I  have  merely  got  to  give  them  a  good  squeeze,  and  draw  the  upper 
piece  slightly  round  at  the  same  time,  and  here  they  are  as  one,  and 
all  the  bending  and  twisting  I  can  give  them  will  not  make  them  sepa- 
rate again  ;  I  have  joined  the  lead  together,  not  with  solder,  but  simply 
by  means  of  the  attraction  of  the  particles. 

This,  however,  is  not  the,  best  way  of  bringing  those  particles  to- 
gether, we  have  many  better  plans  than  that — and  I  will  show  you  one 
that  will  do  very  well  for  juvenile  experiments.  There  is  some  alum 
crystallized  very  beautifully  by  nature  (for  all  things  are  far  more 
beautiful  in  their  natural  than  their  artificial  form),  and  here  I  have 
some  of  the  same  alum  broken  into  fine  powder.  In  it  I  have  destroyed 
that  force  of  which  I  have  placed  the  name  on  this  board — Cohesion, 
or  the  attraction  exerted  between  the  particles  of  bodies  to  hold  them 
together.  Now  I  am  going  to  show  you  that  if  we  take  this  powdered- 
alum  and  some  hot  water,  and  mix  them  together,  I  shall  dissolve 
the  alum — all  the  particles  w^ill  be  separated  by  the  water  far  more 
completely  than  they  are  here  in  the  powder ;  but  then,  being  in  the 
"water,  they  will  have  the  opportunity  as  it  cools  (for  that  is  the  con- 
dition which  favors  their  coalescence)  of  uniting  together  again  and 
forming  one  mass. 

Now  having  brought  the  alum  into  solution,  I  will  pour  it  into  this 
glass  basin,  and  you  will,  to-morrow,  find  that  those  particles  of  alum 
which  I  have  put  into  the  water,  and  no  separated  that  they  are  no 
longer  solid,  will  as  the  water  cools,  come  together  and  cohere,  and 
by  to-morrow  morning  we  shall  have  a  great  deal  of  the  alum  crystal- 
lized out,  that  is  to  say,  come  back  to  the  solid  form.    [The  Lecturer ; 
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licro  poured  a  little  of  tho  liot  solution  of  alum  into  tlio  ^i^lass  disli,  and 
when  tho  latter  had  tlius  been  made  warm,  the  remainder  of  the  solu- 
tion was  added.]  I  am  now  doing  that  which  1  advise  you  to  do  if 
you  use  a  glass  vessel,  namely,  warming  it  slowly  and  gradually;  and 
in  repeating  this  e\j)eriment  do  as  I  do;  pour  the  licjuid  out  gently, 
leaving  all  the  dirt  behind  in  the  basin;  and  remember  that  the  moro 
carefully  and  quietly  you  make  this  experiment  at  home,  the  better 
the  crystals.  To-morrow  you  will  see  the  particles  of  alum  drawn  to- 
n;ether,  and  if  I  ]>ut  two  pieces  of  coke  in  some  part  of  the  solution 
[the  coke  ought  lirst  to  be  washed  very  clean  and  dried),  you  will  find 
to-morrow  that  we  shall  have  a  beautiful  crystallization  over  the  coke, 
making  it  exactly  resemble  a  natural  mineral. 

Now  how  curiously  our  ideas  expand  by  watching  these  conditions 
3f  the  attraction  of  cohesion — how  many  new  phenomena  it  gives  us 
jeyond  those  of  the  attraction  of  gravitation.  Sec  how  it  gives  us 
Treat  strength.  The  things  we  deal  with  in  building  up  the  structures 
)n  the  earth  are  of  strength — we  use  iron,  stone,  and  other  thini^s  of 
Treat  strength  ;  and  only  think  that  all  those  structures  you  have  about 
^ou — think  of  the  Great  Eastern^  if  you  please,  which  is  of  such  size 
ind  power  as  to  be  almost  more  than  man  can  manage — are  the  result 
)f  this  power  of  cohesion  and  attraction. 

I  have  here  a  body  in  which  I  believe  you  will  sec  a  change  takino- 
3lace  in  its  condition  of  cohesion  at  the  moment  it  is  made.  It  is  at 
irst  yellow,  then  it  becomes  a  fine  crimson  red.  Just  watch  when  I 
)our  these  two  liquids  together — both  colorless  as  water.  [The  Lec- 
urer  here  mixed  together  solutions  of  perchloride  of  mercury  and 
odide  of  potassium,  when  a  yellow  precipitate  of  biniodide  of  mercury 
ell  down,  which  almost  immediately  became  crimson  red.]  Now,  there 
s  a  substance  which  is  very  beautiful,  but  see  how  it  is  changing  color, 
.t  w\as  reddish-yellow  at  first,  but  it  has  now  become  red.  I  have 
)reviously  prepared  a  little  of  this  red  substance,  which  you  see  formed 
n  the  liquid,  and  have  put  some  of  it  upon  paper.  [Exhibiting  several 
heets  of  paper  coated  with  scarlet  biniodide  of  mercury.]  There  it 
s — the  same  substance  spread  upon  paper,  and  there  too  is  the  same 
ubstance ;  and  here  is  some  more  of  it  [exhibiting  a  piece  of  paper 
,s  lartre  as  the  other  sheets,  but  havino;  onlv  very  little  red  color  on  it, 
he  greater  part  being  yellow],  a  little  more  of  it,  you  will  say.  Do 
lot  be  mistaken ;  there  is  as  much  upon  the  surface  of  one  of  these 
lieces  of  paper  as  upon  the  other.  What  you  see  yellow  is  the  same 
hing  as  the  red  body,  only  the  attraction  of  cohesion  is  in  a  certain 
[egree  changed ;  for  I  will  take  this  red  body,  and  apply  heat  to  it 
you  may  perhaps  see  a  little  smoke  arise,  but  that  is  of  no  conse- 
quence), and  if  you  look  at  it,  it  will  at  first  of  all  darken — but  see, 
low  it  is  becoming  yellow.  I  have  now  made  it  all  yellow,  and  what 
3  more  it  will  remain  so ;  but  if  I  take  any  hard  substance  and  rub 
he  yellow  part  with  it,  it  will  immediately  go  back  again  to  the  red 
ondition.  [Exhibiting  the  experiment.]  There  it  is.  You  see  the 
ed  is  not  put  back,  but  brought  back  by  the  change  in  the  substance, 
fow  [warming  it  over  the  spirit  lamp]  here  it  is  becoming  yellow  again, 
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and  tliat  is  all  bocaiiHc  its  attraction  of  cohesion  is  changed.  And  what 
"will  you  say  to  nic  when  1  tell  you  that  this  piece  of  common  charcoal 
is  just  the  same  thin<!:,  only  difl'erently  coalesced,  as  the  diamondi- 
•which  you  wear.  (I  have  put  a  specimen  outside  of  a  piece  of  straAv 
"which  was  cl»arred  in  a  ])articular  way — it  is  just  like  black  lead.^ 
Kow,  this  charred  straw,  tliis  cliarcoal,  and  these  diamonds,  arc  all  oi 
them  the  same  substance,  changed  but  in  their  properties  as  respect!: 
the  force  of  cohesion. 

Here  is  a  piece  of  glass  [producing  a  piece  of  plate  glass  about  two 
inches  square],  (I  shall  want  this  afterwards  to  look  at  and  examine 
its  internal  condition) — and  here  is  some  of  the  same  sort  of  glass  dif- 
fering only  in  its  power  of  cohesion,  because  while  yet  melted  it  ha.'- 
been  dropped  into  cold  water  [exhibiting  a  "Prince  Rupert's  drop  " 
(Fig.  8)],  and  if  I  take  one  of  these  little  tear-like  pieces  and  break 
off"  ever  so  little  from  the  point,  the  whole  will  at  once  burst  and  fall 
to  pieces.  I  will  now  break  off'  a  piece  of  this.  [The  Lecturer  nipped 
off'  a  small  piece  from  the  end  of  one  of  the  Rupert's  drops,  whereupon 
the  whole  immediately  fell  to  pieces.]  There  !  you  see  the  solid  glasa 
lias  suddenly  become  powder,  and  more  than  that,  it  has  knocked  a 
liole  in  the  glass  vessel  in  which  it  was  held.  I  can  show  the  eff'ect 
better  in  this  bottle  of  water,  and  it  is  very  likely  the  wdiole  bottle 
will  go.  [A  6-oz.  vial  was  filled  with  water,  and  a  Rupert's  drop 
placed  in  it  with  the  point  of  the  tail  just  projecting  out ;  upon  break- 
ing the  tip  off",  the  drop  burst,  and  the  shock  being  transmitted  through 
the  water  to  the  sides  of  the  bottle,  shattered  the  latter  to  pieces.] 

Here  is  another  form  of  the  same  kind  of  experiment.     I  have  here 

some  more  glass  which  has  not  been  annealed,  [showing  some  thick 

glass  vessels  (Figure  4)],  and  if  I  take  one  of  these  glass  vessels 

Yi(T  3.  -Ficr.  4.    ^nd  drop  a  piece  of  pounded  glass 

into  it  (or  I  will  take  some  of  these 
small  pieces  of  rock  crystal — they 
have  the  advantao;e  of  beino;  harder 
than  glass)  and  so  will  make  the 
least  scratch  upon  the  inside,  the 
whole  bottle  will  break  to  pieces, — 
it  cannot  hold  together.  [The  Lec- 
turer here  dropped  a  small  fragment 
of  rock  crystal  into  one  of  these 
glass  vessels,  when  the  bottom  immediately  came  out  and  fell  upon 
the  plate.]    There  it  goes  through,  just  as  it  would  through  a  sieve. 

Now,  I  have  shown  you  these  things  for  the  purpose  of  bringing 
your  minds  to  see  that  bodies  are  not  merely  held  together  by  this 
power  of  cohesion,  but  that  they  are  held  together  in  very  curious 
ways.  And  suppose  I  take  some  things  that  are  held  together  by  this 
force,  and  examine  them  more  minutely.  I  will  first  take  a  bit  of 
glass,  and  if  I  give  it  a  blow  with  a  hammer  I  shall  just  break  it  to 
pieces.  You  saw  how  it  was  in  the  case  of  the  flint  when  I  broke  a 
piece  off";  a  piece  of  a  similar  kind  would  come  off",  just  as  you  would 
expect ;  and  if  I  were  to  break  it  up  still  more,  it  would  be  as  jou 
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hnvo  soon,  simply  a  collection  of  t«niall  particles  of  no  definite  shape 
or  lonn.  Jiut  suppOi>ing  1  take  sonic  oilier  tliin;;,  this  stone  for  in- 
Btance  (Fig.  5)  [taking  a  piece  of  mica],  and  if  I  hammer  tliis  stone  I 
may  batter  it  a  great  deal  before  I  can  break  it  up.  I  may  even 
bend  it  without  breaking  it :  that  is  to  say,  I  may  bend  it  in  one  par- 
ticular direction  wilhuut  breaking  it  much,  although  1  feel  in  my  hands 
that  I  am  doing  it  some  injury.  But  now,  if  I  take  it  by  the  edf^es  I 
find  that  it  breaks  up  into  leaf  after  leaf  in  a  most  extraordinary  man- 
ner. Why  should  it  break  up  like  that  ?  Not  because  all  stones  do, 
Dr  all  crystals  ;  for  there  is  some  salt — (Fig.  Gj — you  know  what  com- 

Fig.  5.  Fig.  C.  Fig.  7. 
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men  salt  is  ;  here  is  a  piece  of  this  salt  -which  by  natural  circumstances 
bas  had  its  particles  so  brought  together  that  they  have  been  allowed 
free  opportunity  of  combining  or  coalescing,  and  you  shall  see  what 
lappens  if  I  take  this  piece  of  salt  and  break  it.  It  does  not  break 
IS  flint  did,  or  as  the  mica  did,  but  with  a  clean  sharp  angle  and  exact 
surfaces,  beautiful  and  glittering  as  diamonds  [breaking  it  by  gentle 
^lows  with  a  hammer]  ;  there  is  a  square  prism  which  I  may  break  up 
nto  a  square  tube.  You  see  these  fragments  are  all  square — one  side 
nay  be  longer  than  the  other,  but  they  will  only  split  up  so  as  to  form 
square  or  oblong  pieces  with  cubical  sides.  Kow,  I  go  a  little  further, 
ind  I  find  another  stone  (Fig.  7)  [Iceland  or  calc-spar],  which  I  may 
3reak  in  a  similar  way,  but  7iot  with  the  same  result.  Here  is  a  piece 
i^hicli  I  have  broken  off,  and  you  see  there  are  plain  surfaces  perfectly 
•egular  with  respect  to  each  other,  but  it  is  not  cubical — it  is  what  we 
iall  a  rhomboid.  It  still  breaks  in  three  directions  most  beautifully 
md  regularly  with  polished  surfaces,  but  with  sloping  sides,  not  like 
;he  salt.  AVhy  not  ?  It  is  very  manifest  that  this  is  owing  to  the  at- 
;raction  of  the  particles  one  for  the  other  being  less  in  the  direction 
n  "which  they  give  way  than  in  other  directions.  I  have  on  the  table 
before  me  a  number  of  little  bits  of  calcareous  spar,  and  I  recommend 
iach  of  you  to  take  a  piece  home,  and  then  you  can  take  a  knife  and 
:ry  to  divide  it  in  the  direction  of  any  of  the  surfaces  already  existing, 
i^ou  will  be  able  to  do  it  at  once — but  if  you  try  to  cut  it  across  the 
:-rystals  you  cannot;  by  hammering,  you  may  bruise  and  break  it  up — 
but  you  cannot  divide  it  into  these  beautiful  little  rhomboids. 

Now  I  want  you  to  understand  a  little  more  how  this  is — and  for 
this  purpose  I  am  going  to  use  the  electric  light  again.  You  see,  we 
cannot  look  into  the  middle  of  a  body  like  this  piece  of  glass.     We 
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perceive  the  outside  form,  and  the  inside  form,  and  we  look  throvgh  it, 
but  Avo  cjinnot  well  find  out  how  those  forms  })ocomo  so,  and  I  want 
YOU,  tluTofore,  to  take  ;i  lesson  in  ihc  way  in  wliicli  we  use  a  ray  of 
light  for  the  purpose  of  seeing  what  is  in  the  interior  of  bodies.  Light 
is  a  thing  which  is,  so  to  say,  attracted  l)y  every  substance  that  gravi- 
tates (jind  we  do  not  know  anything  that  does  not).  All  matter  affects 
light  more  or  less  by  what  we  may  consider  as  a  kind  of  attraction, 
and  I  have  arranged  (Fig.  H)  a  very  simple  experiment  upon  the  floor 

of  the  room  for  the  purpose  of 
illustrating  this.  I  have  put  into 
that  basin  a  few  things  which 
those  who  are  in  the  body  of  the 
theatre  will  not  be  able  to  see, 
and  I  am  going  to  make  use  of 
this  power  which  matter  possess- 
es of  attracting  a  ray  of  light. 
If  Mr.  Anderson  pours  some 
water  gently  and  steadily  into  the  basin,  the  water  will  attract  the 
rays  of  light  downwards,  and  the  piece  of  sealing  wax  will  appear  to 
rise  up  into  the  sight  of  those  who  were  before  not  high  enough  to  see 
over  the  side  of  the  basin  to  its  bottom.  [Mr.  Anderson  here  poured 
water  into  the  basin,  and  upon  the  Lecturer  asking  whether  anybody 
could  see  the  silver  and  sealing  wax  he  was  answered  by  a  general  affir- 
mative]. Now  I  suppose  that  everybody  can  see  that  they  are  not  at 
all  disturbed,  whilst  from  the  way  they  appear  to  have  risen  up,  you 
would  imagine  the  bottom  of  the  basin  and  the  articles  that  are  in  it 
were  two  inches  thick,  although  they  are  only  one  of  our  small  siker 
dishes  and  a  piece  of  sealing  wax  which  I  have  put  there.  The  light 
which  now  goes  to  you  from,  that  piece  of  silver  was  obstructed  by  the 
edge  of  the  basin  when  there  was  no  water  there,  and  you  were  unable 
to  see  anything  of  it ;  but  when  we  poured  in  water,  the  rays  were 
attracted  down  by  it  over  the  edge  of  the  basin,  and  you  were  thus 
enabled  to  see  the  articles  at  the  bottom. 

I  have  shown  you  this  experiment  first,  so  that  you  might  under- 
stand how  glass  attracts  light,  and  might  then  see  how  other  substances 
like  rock  salt  and  calcareous  spar,  mica,  and  other  stones  would  affect 
the  light ;  and  if  Dr.  Tyndall  will  be  good  enough  to  let  us  use  his 

Fig.  9. 


light  again,  we  will  first  of  all  show  you  how  it  may  be  bent  by  a  piece 
of  glass  (Fig.  9).  [The  electric  lamp  was  again  lit,  and  the  beam  of 
parallel  rays  of  light  which  it  emitted  was  bent  about  and  decomposed 
by  means  of  the  prism.]   Now  here  you  see,  if  I  send  the  light  through 
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tliis  piece  of  ])lain  «xlass  a,  it  ^jjoes  strai;:;lit  tlirou«i]i  without  being  bent 
(uiik'ss  the  iiihiss  be  heUl  oblicjiiely,  and  tlien  the  jjlienonienon  becomes 
more  complicated),  but  it*  i  take  this  piece  of  glass  U  [a  ]»rism],  you 
sec  it  will  show  a  very  diflerent  eflVct.  It  no  longer  goes  to  that  wall 
but  it  is  bent  to  this  screen  c,  and  how  much  more  beautiful  it  is  now 
[throwing  the  prismatic  spectrum  on  the  screen.]  This  ray  of  light 
is  bent  out  of  its  course  by  the  attraction  of  the  glass  upon  it.  And 
you  see  I  can  turn  and  twist  the  rays  to  and  fro  in  different  parts  of 
the  room  just  as  1  please.  Now  it  goes  there,  now  liere.  [The  Lec- 
turer projected  the  prismatic  spectrum  about  the  theatre.]  Here  I 
have  the  rays  once  more  bent  on  the  screen,  and  you  see  how  wonder- 
fully and  beautifully  that  piece  of  glass  not  only  bends  the  light  by 
virtue  of  its  attraction,  but  actually  splits  it  up  into  different  colors. 
Now  I  want  you  to  understand  that  this  piece  of  glass  [the  prism] 
being  perfectly  uniform  in  its  internal  structure,  tells  us  about  the 
action  of  these  other  bodies  which  are  not  uniform — which  do  not 
merely  cohere^  but  also  have  within  them,  in  different  parts,  different 
degrees  of  cohesion^  and  thus  attract  and  bend  the  light  with  varying 
powers.  "We  will  now  let  the  light  pass  through  one  or  two  of  these 
things  which  I  just  now  showed  you  broke  so  curiously;  and  first  of 
all  I  will  take  a  piece  of  mica.  Here  you  see  is  our  ray  of  light — we 
have  first  to  make  it  what  we  call  polarized^  but  about  that  you  need 
not  trouble  yourselves,  it  is  only  to  make  our  illustration  more  clear. 
Here,  then,  we  have  our  polarized  ray  of  light,  and  I  can  so  adjust  it 
as  to  make  the  screen  upon  which  it  is  shining  either  light  or  dark, 
although  I  have  nothino^  in  the  course  of  this  ray  of  lifjht  but  what  is 
perfectly  transparent  [turning  the  analizer  round].  I  will  now  make 
it  so  that  it  is  quite  dark,  and  we  will  in  the  first  instance  put  a  piece 
of  common  glass  into  the  polarized  ra}^  so  as  to  show  you  that  it  does 
not  enable  the  light  to  get  through.  You  see  the  screen  remains  dark. 
The  glass  then,  internally,  has  no  effect  upon  the  light.  [The  glass 
was  removed,  and  a  piece  of  mica  introduced.]  Now,  there  is  the  mica 
■which  we  split  up  so  curiously  into  leaf  after  leaf,  and  see  how  that 
enables  the  light  to  pass  through  on  to  the  screen,  and  how,  as  Dr. 
Tyndall  turns  it  round  in  his  hand,  you  have  those  different  colors, 
pink,  and  purple,  and  green,  coming  and  going  most  beautifully; — not 
that  the  mica  is  more  transparent  than  the  glass,  but  because  of  the 
different  manner  in  which  its  particles  are  arranged  by  the  force  of 
cohesion. 

Now  we  will  see  how  calcareous  spar  acts  upon  this  light, — that 
stone  which  split  up  into  rhombs,  and  of  which  you  are  going  to  take 
a  little  piece  home  each  of  you.  [The  mica  was  removed,  and  a  piece 
of  calc-spar  introduced  at  A.]  See  how  that  turns  the  light  round  and 
round,  and  produces  these  rings  and  that  black  cross  (Fig.  10).  Look 
at  those  colors,  are  they  not  most  beautiful  for  you  and  for  me  ?  (for 
I  enjoy  these  things  as  much  as  you  do.)  In  what  a  wonderful  manner 
they  open  out  to  us  the  internal  arrangement  of  the  particles  of  this 
calcareous  spar  by  the  force  of  cohesion. 

And  now  I  will  show  you  another  experiment.     Here  is  that  piece 
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of  glass  wlilcli  before  liad  no  action  upon  tlic  \\^\i.  Yon  shall  see 
"vvhat  it  will  do  when  we  Ji|)|)ly  pr(>ssnro  to  it.  llerc,  tlien,  we  have 
our  ray  of  polarized  light,  and  1  will  first  of  all  show  you  that  the  glass 
has  no  cflect  upon  it  in  its   ordinary  etate, — when  1  place  it  in  the 

Fig.  10. 


course  of  the  light,  the  screen  still  remains  dark.  Now  Dr.  Tyndall 
'v^'ill  press  that  bit  of  glass  between  three  little  points,  one  point  against 
two,  so  as  to  bring  a  strain  upon  the  parts,  and  you  will  see  what  a 
curious  effect  that  has.  [Upon  the  screen  two  white  dots  gradually 
appeared.]  Ah !  these  points  show  the  position  of  the  strain — in  these 
parts  the  force  of  cohesion  is  being  exerted  in  a  different  degree  to 
•what  it  is  in  the  other  parts,  and  hence  it  allows  the  light  to  pass 
through.  How  beautiful  that  is — how  it  makes  the  light  come  through 
some  parts  and  leaves  it  dark  in  others,  and  all  because  we  weaken  the 
force  of  cohesion  between  particle  and  particle.  Whether  you  have 
this  mechanical  power  of  straining,  or  whether  we  take  other  means, 
•we  get  the  same  result,  and,  indeed,  I  will  show  you  by  another  ex- 
periment that  if  we  heat  the  glass  in  one  part  it  will  alter  its  internal 
structure,  and  produce  a  s'imilar  effect.  Here  is  a  piece  of  common 
glass,  and  if  I  insert  this  in  the  path  of  the  polarized  ray,  I  believe 
it  will  do  nothing.  There  is  the  common  glass  [introducing  it] — no 
light  passes  through — the  screen  remains  quite  dark  ;  but  I  am  going 
to  Avarm  this  glass  in  the  lamp,  and  you  know  yourselves  that  when 
you  pour  w^arm  water  upon  glass  you  put  a  strain  upon  it  sufficient  to 
break  it  sometimes — something  like  there  w^as  in  the  case  of  the  Prince 
Rupert's  drops.  [The  glass  was  warmed  in  the  spirit  lamp,  and  again 
placed  across  the  ray  of  light.]  Now  you  see  how  beautifully  the  light 
goes  through  those  parts  which  are  hot,  making  dark  and  light  lines 
just  as  the  crystal  did,  and  all  because  of  the  alteration  I  have  effected 
in  its  internal  condition  ;  for  these  dark  and  light  parts  are  a  proof  of 
the  presence  of  forces  acting  and  dragging  in  different  directions  with- 
in the  solid  mass. 

(To  be  Continued.) 


Methods  of  Ripening  Wine. 

According  to  ih^Cosmos,  M.  Payen,  a  distinguished  French  chemist, 
has  the  credit  of  proposing  the  following  methods  of  ripening  wine : 
First  Method.  Take  a  cask  of  wine,  and  expose  it  to  cold  in  a  clean 


Cadmium.  113 

vat ;  remove  every  morninnr,  for  three  or  four  days  successively,  the 
ice  which  has  forined  on  the  surface  ;  the  ice,  when  melted,  will  fur- 
nish jiiquetfr:  and  tlie  reiiiaininjx  litjuid  will  be  an  excellent  wine. — 
Ke-pour  it  into  a  cai^k  ;  add  to  perfume  it,  say  a  quart  of  raspberry 
juice,  or  two  cents  worth  of  Florence  flag-root  powdered  and  first  di- 
gested in  wine,  cork  it  up  tight  and  keep  it. — [If  you  can.  ED.  J.  F.  i.) 
Sccomi  Mvtliod.  In  March  or  April  take  second-crop  hay  or  straw  ; 
make  a  bed  of  it  about  8  inches  thick,  upon  which  lay  a  first  row  of 
bottles  corked  and  waxed ;  and  build  up  the  pile  in  this  way :  water 
the  pile  with  common  water  so  that  the  hay  may  ferment,  rot,  and  dis- 
solve. At  the  end  of  three  or  four  months  your  wine  will  have  the 
same  flavor  as  though  it  had  been  three  or  four  years  in  bottle. 

Cosmo 8 y  March,  1860. 
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Cadmium.     By  B.  Wood,  M.  D. 

Tlie  properties  of  cadmium  appear  to  have  been  less  clearly  deter- 
mined by  chemists  and  metallurgists  than  those  of  most  other  metals. 
Discrepancies  exist  in  regard  to  it,  while  some  of  its  most  remarkable,  if 
not  most  useful  properties  are  not  at  all  noticed,  at  least  by  the  gen- 
erality of  authors,  even  when  explicit  and  elaborate  as  to  similar  pro- 
perties possessed  by  other  metals.  Our  ordinary  works  on  chemistry 
treat  of  the  metal  very  briefly,  as  of  little  importance — one  of  the 
latest  says,  it  "  has  no  practical  value  in  the  arts  :" — but  if  duly  inves- 
tigated it  will  be  found,  I  think,  to  possess  qualities  highly  useful  to 
the  arts  as  well  as  interesting  to  science. 

The  melting  point  of  cadmium  is  variously  stated  by  authors.  Some 
place  it  indefinitely,  "below  a  red  heat."  Overman  in  his  Treatise  on 
Metallurgy,  marks  it  at  550°  Fahr.,  and  indicates  600°  as  the  tempera- 
ture at  which  the  metal  volatilizes.  Brande,  Diet.  Science  and  Art, 
says  "  it  fuses  and  volatilizes  at  a  temperature  a  little  below  that  at 
which  tin  melts."  Webster,  Manual  of  Chemistry,  states  that  "it 
melts  and  volatilizes  by  a  heat  not  much  greater  than  that  required  to 
vaporize  mercury."  Most  of  our  chemical  text-books  put  its  melting 
point  at  442°  (from  Stromeyer).  While  the  New  American  Cyclopae- 
dia, now  in  course  of  publication,  places  it,  on  the  authority  of  Dan- 
iell,  at  360°  Fahr. 

It  would  be  interesting  to  determine  this  accurately.  But  the  heat 
beincy  too  \\\^\i  for  measurement  by  the  mercurial  thermometer,  and 
iiaving  no  other,  I  have  only  been  able  to  judge  approximately  by  com- 
parative tests.  Melted  under  similar  conditions  with  other  metals,  I 
Snd  the  metal  requires  for  its  fusion  nearly  the  same  heat  as  lead.  It 
s  somewhat  later  in  melting  but  on  the  other  hand  it  appears  to  con- 
ical a  little  the  sooner,  (which  may  be  due  to  a  diff'erence  in  the  con- 
lucting  power  of  the  two  metals.)  I  should,  therefore,  place  its  melt- 
ng  point  in  round  numbers  at  600°  Fahr.,  that  of  lead  being  placed 
}y  difi*erent  authors,  at  594°,  600°,  and  612°.    It  volatilizes 'at  a  some- 

10* 
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Tvliat  lil^licr  temperature,  f^ivirt^  off  ornnp!;e-colore(l  suffocating  fumes, 
■wliich,  when  inhaled  too  freely  leave  a  dksagreeable,  sweetish,  styptic 
sensation  upon  the  h'pH,  and  iin  intolerahle  and  persistent  brassy  taste 
in  th(^  mouth  and  fauees,  with  constrielioa  of  the  throat,  heaviness  in 
the  head,  and  nausea. 

Of  the  «j;('neral  properties  of  cadmium  as  an  infrredient  in  alloys, 
Overman,  who  1  believe  is  high  authority  in  metallurgy,  and  who,  al- 
though too  broad  in  some  of  his  conclusions,  is  more  rigidly  exact  in 
respect  to  the  individual  instances  adduced  than  others  that  I  have 
liad  the  oppoi-tunity  of  exjimining,  snys: 

"Cadmium  is  very  soft  and  malleable  and  still  all  its  alloys  are  brittle. 
Its  combinations  are  not  distinguished  for  fluidity."  Again,  "Tho 
combinations  of  platinum,  copper,  and  other  metals  with  cadmium,  are 
brittle  and  hard."  The  cause  of  this  he  ascribes  to  "  its  volatile  nature 
and  want  of  affinity,"  which,  recurring  to  the  subject,  he  accounts  for 
thus: 

*'When  it  is  melted  with  any  other  metal  there  is  a  tendency  on  its 
part  to  evaporate;  the  slight  affinity  of  cadmium  for  other  metals 
causes  a  separation  of  its  atoms  from  those  of  the  other  metal,  and  no 
intimate  union  can  be  formed.  If,  therefore,  the  alloy  cools  there  are 
spaces  between  the  cr^^stals  which  have  been  occupied  by  the  expanded 
atoms  of  cadmium,  and  in  cooling,  these  are  filled  again;  this  causes 
brittleness."     Treatise  on  Mt^tallurgy^  p.  465. 

All  this  is  strictly  true  of  some  of  its  combinations,  such  as  the  par- 
ticular instances  which  he  cites,  although  by  no  means  of  "  all,"  as  will 
presently  be  seen. 

Other  authors,  although  less  explicit,  are  to  a  like  import,  ascribing 
a  similar,  general  character  to  the  metal,  with  examples  in  illustration, 
and  without  instancing  any  exceptions. 

In  a  copy  of  Article  on  Alloys  of  Cadmium,  from  BertMers  Traits 
des  JEssais^  Tome  2,  p.  530,  furnished  me  by  the  patent  office  as  au- 
thority on  the  subject,  I  find  it  stated  in  general  terms  that  ''most  of 
the  alloys  of  cadmium  are  brittle;"  the  individual  alloys  cited  are  par- 
ticularly characterized  as  brittle,  and  no  mention  is  made  of  others. — 
The  combination  with  mercury  is  thus  described :  "Cadmium  unites 
"with  great  facility  with  mercury,  even  when  cold.  The  amalgam  is 
of  a  silver  white,  and  texture  granular  and  crystalline.  It  can  be  ob- 
tained in  octohedrons.  It  is  hard  and  very  fragile.  Its  density  is 
greater  than  that  of  mercury.  It  fuses  at  75°  [centigrade.]  It  con- 
tains 0'217  of  cadmium." 

Combined  in  these  proportions  the  compound  will  indeed  be  compara- 
tively fragile ;  but  one  might  be  led  to  infer  from  this  description  that  the 
metals  combine  in  no  other  proportions.  I  have  seen  this  particular 
form  of  amalgam  cited  by  other  authors  when  speaking  of  the  combi- 
nation of  cadmium  with  mercury  but  without  any  illusion  to  other  com- 
pounds of  these  metals;  although  they  unite  with  facility  in  other  pro- 
portions, forming  amalgams  particularly  noteworthy  as  contrasted  with 
those  of  other  metals. 

While  it  has  been  assumed  as  a  general  rule  as  above  quoted,  that 
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the  coml)inations  of  cadmium  are  not  distiiif^ulshctl  for  fluidity,  I  Ikivc 
not  found  its  tluidifyin;;  properties  in  respect  to  certain  metals  and  al- 
loys noticed  in  any  work  to  which  I  have  ha<l  access.  Som*'  of  its  al- 
loys indeed  arc  not  roui  irkable  for  fusibility  but,  ratlier  for  tlie  re- 
verse; such  are  its  alloys  with  silver,  aruimony,  and  mercury,  their 
meltin;^  point  bein;i  but  little  lower  or  even  hij^her  than  that  of  the 
mean  of  their  constituents.  But  others  are  much  more  fusible  than 
the  mean,  as  its  alloys  with  lead,  tin,  copper,  bismuth,  zinc.  In  cer- 
tain instances  it  manifests  this  property  in  so  eminent  a  de^rree  that 
it  is  sin;jular  it  should  not,  if  known,  have  been  explicitly  stated  in  all 
professed  descriptions  of  tlie  metal.  Bismuth  holds  a  high  rank  among 
metals  for  its  property  of  promoting  fusibility  in  alloys,  as  is  particu- 
larly remarked  in  all  chemical  text-books,  and  wherever  the  metal  is 
treated  of,  its  alloys  with  lead  and  tin  being  specially  nDted  as  extra- 
ordinary instances.  But  in  some  combinations  cadmium  displays  this 
property  more  decidedly  than  even  bismuth.  The  alloy  composed  of 
from  one  to  two  parts  of  cadmium,  two  parts  of  lead,  and  four  parts  of 
tin  is  more  fusible  than  the  corresponding  alloy  of  two  parts  (or  less)  of 
bis)nuth^  two  of  lead  and  four  of  tin.  In  smaller  proportions  its  supe- 
riority is  still  more  marked,  requiring  much  less  to  produce  the  same 
effect,  while  it  does  not  impair  the  tenacity  and  malleability  of  the  al- 
loy but  confers  hardness  and  general  strength. 

As  to  the  brittleness  which  ca<lmium  is  said  to  communicate  wlien 
combined  with  any  other  metals,  the  facts  are,  sonie  of  its  alloys  even 
with  malleable  metals  are  *' brittle."  But  others  are  highly  tenacious 
and  malleable.  Its  alloys  with  gold,  platinum,  and  copper,  afford  in- 
stances of  the  former.  Its  combinations  with  lead,  tin,  and  to  a  cer- 
tain extent  with  silver  and  mercury,  are  examples  of  the  latter.  An 
alloy  of  two  parts  silver  and  one  of  cadmium  is  perfectly  malleable  and 
very  hard  and  strong;  with  equal  parts  of  each  it  is  also  malleable  but 
possesses  less  tenacity;  but  when  mixed  in  the  proportions  of  two 
parts  of  cadmium  and  one  part  of  silver,  it  is  brittle.  Equal  parts  of 
cadmium  and  mercury  form  a  tough  and  highly  malleable  composition; 
in  the  proportions  of  two  parts  of  the  latter  to  one  of  the  former ;  the 
amalgam  is  nearly  equal  in  malleability  but  possesses  less  strength. 
These  mixtures  are  remarkable  in  view  of  the  fact  that  most  amal'rams 
are  exceedingly  frail  and  brittle.  A  mixture  of  two  or  three  parts  of 
tin  with  one  part  of  mercury  is  so  fragile  as  almost  to  drop  to  pieces 
in  handling:  the  amalgams  with  lead,  bismuth,  &c.,  are  similar. 

The  fusibility  of  the  compounds  of  cadmium  and  mercury  is  nearly 
that  of  the  mean  of  their  constituents,  as  indeed,  appears  to  be  the 
case  with  other  amalgams.  I  do  not  perceive  that  mercury  acts  as  a 
fluidifying  agent  in  alloys — it  does  not  strictly  promote  fusibility  but 
serves  merely  to  communicate  of  its  own  fluidity  to  the  compounds  in 
nearly  the  ratio  in  which  it  is  employed ;  it  does  not,  like  cadmium, 
bismuth,  &c.,  confer  any  new  property  in  this  respect.  Being  fluid  at 
39°  below  the  zero  of  Fahrenheit's  scale  it  will  of  course  if  it  only 
retain  its  own  property,  reduce  the  melting  point  of  the  compounds 
into  which  it  enters  as  an  ingredient,  below  that  of  the  metals  with 
which  it  i3  united. 
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Most  of  the  mixtures  of  mercury  witli  other  metals,  although  it  maj 
form  certain  definite  compounds  with  them,  indicate  combination  b^ 
simple  solution  and  me(;hanical  admixture  rather  tlian  i>y  chemical  at' 
finity.  AVith  cadmium,  however,  it  exhibits  a  marked  afhnity,  form 
ing  amalgams,  or  as  they  might  be  appropriately  desigiuited,  alloys 
which  possess  distinctive  characters,  indicating  a  true  chemical  combi 
nation. 

But  I  leave  these  speculations  to  professed  chemists,  hoping  thf 
points  herein  referred  to  may  serve  to  incite  attention  to  a  subjeci 
which  I  think  will  repay  investigation. 

^HshvilK',  Juue  14,  18G0. 


Specific  Gravity  of  Spirits  of  Wine. 

A  Mr.  Yon  Baumhauer  has  been  led  by  three  series  of  carefull}/ 
conducted  experiments  to  the  conclusion  that  the  densities  usually 
adopted  for  the  mixtures  of  alcohol  and  water,  from  the  experiments 
of  Gay-Lussac  and  others,  are  incorrect.  By  his  report,  it  would 
seem  that  every  precaution  was  taken  to  ensure  the  purity  of  the 
materials  and  accuracy  in  the  results,  and  the  following  are  his  results 
as  compared  with  those  given  by  Pouillet.  The  standard  of  density 
is  water  at  its  maximum  densit}'^,  and  the  mixtures  were  made  with 
absolute  alcohol.     The  temperature  was  15°  Cent.  (59°  F.) 


Per 

cent,  of  alcohol, 

Density. 

Expenitient             I 

by 

volume,  in  the 
mixture. 

Pouillet. 

1 

r 

First  Series. 

Second  Series. 

100 

0-7940 

0-7939 

0-7940 

95 

•8161 

•8119 

•8121 

90 

•8339 

•8283 

•8283 

85 

•8495 

•8438 

•8432 

80 

•8638 

•8576 

•8572 

75 

•8773 

•8708 

•8708 

70 

•8899 

•883  7 

•8838 

65 

•9019 

•8959 

•8963 

60 

•9133 

•9079 

•9081 

.55 

•9240 

•9193 

•9196 

50 

•9340 

•9301 

•9302 

45 

•9432 

•9394 

•9400 

40 

•9515 

•9485 

•9491 

35 

•9587 

•9567 

•9569 

30 

•9648 

•9635 

•9636 

25 

•9692 

•9696 

20 

•9746 

•9747 

15 

•9799 

•9800 

10 

•9855 

•98.55 

5 

•9919 

•9918 

0 

•9991 

•9991 

•9991 

I 

Lcad.  des  Sciences,  Paris. 

Preservation  of  Yeast. 

M.  de  Changy  states  that  by  intimately  mixing  with  .any  ferment, 
liquid  or  solid,  a  certain  quantity  of  animal  or  vegetable  charcoal,  and 
drying  the  mixture  either  in  a  current  of  air  or  by  rotation,  a  powder 
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IS  ol)taino(l  whicli  preserves  all  its  fermentable  j)roperties  for  nn  iin- 
liiuited  time.  Ik^er  yeast  treated  in  this  way  keeps  its  power  for  a 
loni^  time,  and  the  presence  of  the  charcoal  iu  the  vat  presents  more 
advantages  than  objections. — Cosmos, 


Oil  tJie  Production  of  Ozone  hy  weans  of  a  Plafinnm    ^V^re  made 
Incandescent  hy  an  Electric  Current."^     ]>y  M.  Le  Holx. 

If  a  platinum  wire,  not  too  large,  be  made  incandescent  by  an  elec- 
tric current  in  such  a  manner  that  the  ascending  How  of  hot  air  which 
has  surrounded  the  wire  comes  in  direct  contact  with  the  nostrils,  an 
odor  of  ozone  is  perceived.  The  experiment  may  be  made  in  the  fol- 
lowing manner: — A  very  fine  platinum  wire  (,'„th  to  ^'^th  of  a  milli- 
metre), !20  centimetres  long,  is  taken  ;  it  is  formed  in  any  shape,  and 
supported  in  an  almost  horizontal  position  in  any  suitable  manner.  A 
glass  funnel  of  2  or  3  litres  is  placed  over  this,  so  that  the  air  has 
sufficient  access  to  the  wire.  As  the  neck  of  the  funnel  is  usually  too 
narrow,  it  is  cut  so  as  to  leave  an  aperture  2  or  3  centimetres  in  di- 
ameter, on  which  is  adjusted  a  glass  chimney  of  a  suitable  length ; 
the  object  of  which  is  to  cool  the  gases  heated  by  the  wire.  The 
wire  is  then  made  incandescent  by  means  of  twelve  or  fifteen  Bunsen's 
cells.  The  gas  issuing  from  the  chimney  is  found  to  have  the  odor  of 
Dzone;  iodized  starch-papers  are  altered  in  a  few  minutes  when  placed 
Dver  the  chimney.  In  this  case,  the  air  passing  over  the  incandescent 
jN'ire  undergoes  a  peculiar  modification  by  which  it  acquires  the  pro- 
perties of  ozone  ;  but  whether  this  is  effected  by  the  electricit}^  acting 
is  a  source  of  heat,  or  by  its  own  proper  action,  must  be  reserved  for 
further  experiments. — Comptes  Rendus^  April  2,  1860. 

*From  the  Lond.,  Edin.,  and  Dub.  Philosophical  Mag.,  May,  1S60. 


Printi7ig  Fahrics  in  Imitation  of  Emhroidery. '\ 

M.  Perrot  has  recently  discovered  a  novel  mode  of  ornamenting 
fabrics  by  the  printing  process,  so  as  to  produce  an  effect  similar  to 
embroidery.  This  process  consists  simply  in  printing,  by  the  aid  of 
'ollers,  any  desired  pattern  upon  a  fabric,  in  a  solution  of  gutta  percha, 
previously  bleached  by  the  aid  of  chlorine,  and  dissolved  by  any  of 
the  well-known  solvents.  The  fabric  so  printed  is  then  passed  through 
I  box  or  casing  containing  woolen,  cotton,  silk,  or  other  fine  flock  or 
:olored  powder,  which  adheres  only  to  those  parts  impressed  with  the 
solution,  and  forms  beautifully  raised  patterns  and  devices  having  a 
ine,  soft,  and  velvety  surface.  This  process  recalls  to  our  mind  a 
VQxy  similar  system  which  was  patented  as  far  back  as  1850,  by  Mr. 
Auchterlonie,  of  Glaso:ow\  Our  readers  will  find  a  notice  of  Mr.  Auch- 
;erlonie's  system  in  our  3d  vol.,  1st  series,  at  page  105,  where  they 
fvill  be  enabled  to  compare  the  two,  and  judge  of  their  relative  values. 
W^e  have  not  seen  any  fabrics  ornamented  after  M.  Perrot's  plan,  but 

t  From  the  Lond.  Practical  Mechanic's  Journal,  May,  1S60. 
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we  inspected  Mr.  Aucliterloiiie's  f:i])rics,  and  witnessed  the  process  o 
ornament  in  L!;,  iind  can  spcuk  with  the  greatest  confidence  of  the  sue 
cess  of  the  system. 


New  and  Cheap  3fotors. 

One  of  the  March  numhers  of  the  Cosmos  contains  an  enthusiast! 
editorial  describing  two  new  machines  which  are  to  revolutionize  me 
clianics  in  France  (wlien  tlic  use  of  tlie  word  becomes  legal).  W 
copy  the  substance  of  these  as  a  specimen  of  the  statements  of  me: 
who  profess  the  greatest  horror  of  American  exaggerations.  The  firs 
is  a  steam-generator  somewhat  on  the  Perkins  principle  of  generatin, 
steam  by  the  injection  of  small  quantities  of  water  upon  red  hot  sui 
faces.  As  so  many  persons,  and  among  others  so  many  Frenchmen 
have  done  this  before,  all  that  the  Abbe  claims  for  his  friend  M 
Testud  de  Beaurefj^ard,  is  the  tinnino;  the  inside  and  outside  of  th 
boiler,  and  immersing  it  in  a  bath  of  melted  tin ;  but  these  novelties 
according  to  account,  produce  the  following  desirable  results  : — (w 
translate  literally) — "  Enormous  reduction  of  bulk  of  the  boiler;  enoi 
mous  diminution  of  the  vaporizing  surface;  absolute  impossibility  o 
explosion;  immense  diminution  in  quantity  of  the  feed-water;  feed  o 
distilled  water  from  the  condensation;  no  more  calcareous  scale;  n 
more  cleaning,  or  a  simple  cleaning  with  a  brush ;  no  more  slownes 
in  the  boiling ;  no  more  waste  of  time ;  steam  entirely  dry  without  an; 
water  carried  over;  steam  whose  fixed  temperature  may  be  change 
at  pleasure  from  200°  to  1000°;  useful  employment  of  the  exhauster 
steam  (vapeur  morte)  for  the  generation  of  a  new  motive  force ;  con 
densation  as  perfect  as  it  can  be  with  the  production  of  a  vacuum  whic 
adds  the  atmospheric  pressure  to  that  of  the  steam ;  a  truly  extraoi 
dinary  regularity  and  stability  of  working;  possibility  of  doubling 
tripling,  quadrupling,  &c.,  the  force  obtained  at  any  moment  withon 
any  danger ;  a  furnace  naturally  smoke-consuming  whatever  combus 
tible  is  employed;  the  attending  to  the  boiler  made  much  less  laborious 
these  are  the  incontestible  advantages  which  the  tin-bath  generator  real 
izes.  It  is  adapted  without  any  increased  expense,  without  any  neces 
sity  for  troublesome  or  expensive  alterations,  to  all  steam  engines ;  it 
constructors  guarantee  an  economy  of  50  per  cent,  on  the  fuel  befor 
used  by  them,  however  reduced  this  expense  may  have  before  been. 
Now  if  a  handbill  issued  by  a  patentee  in  America  had  affirmed  one 
fourth  the  amount  of  utter  absurdity  contained  in  this  extract  from 
journal  which  we  regard  as  the  very  best  scientific  journal  in  France 
how  lonfj  would  it  be  before  the  editors  in  France  and  Enojland  ha 
ceased  to  denounce  American  extravagance  and  credulity? 

But  this,  it  appears,  is  no  very  great  thing  after  all;  abetter  machin 
isun  explosion  engineof  M.  Lenoir.  This  is  described  as  a  "conical  cylin 
der  {cylindre  conique.  The  Abb^  Moigne  plumes  himself  on  hismathe 
matics)  with  an  anterior  and  posterior  compartment  separated  by  a  pis 
ton  similar  to  those  of  a  steam  engine."   The  gas  mixed  at  the  rate  of  > 
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or  ct.  with  05  of  air,  is  admitted  successively  at  each  end  and  explod- 
d  l>v  a  spark  from  a  small  induct ioii  macliiiie;  thus  blowiri;:  tlic  piston 
ack  and  forward.  All  this  is  well  enough  and  old  enou<:h,  but  look  at 
lie  results  : — '*  With  5  per  cent,  of  gas  and  Oo  of  air,  the  shaft  and  fly- 
rheel  made  1*20  turns;  the  force  produced  was  fully  that  of  a  horse 
ower.  A  stout  man  operating  on  the  circumference  of  the  fly-wiieel 
ould  not  stop  it  ;  a  mass  of  iron  on  the  shaft  was  cut  by  the  gouge  or 
hisel  without  trouble.  AVith  this  speed  of  120  turns  for  twelve  hours, 
lie  expenditure  of  gas  is  three  cubic  metres  (10(3  eubic  feet).  Estimat- 
ig  the  cubic  metre  atOcentiines(l !  cents)  the  expense  per  horse  power 
er  hour  would  be  a  centime  and  a  half,  that  is  about  one-half  that  of 
be  same  force  from  coal. 

It  will  be  seen  that  gas  is  cheaper  in  Paris  than  here,  but  wliat  is 
hat  to  what  follows.  *'We  applaud  with  great  pleasure  the  marvel- 
)us  use  which  M.  Isoard  has  made  of  superheated  steam  united  with 
oal  tar,  to  generate  at  an  excessively  low  price,  and  as  rapidly  as  is 
ished,  torrents  of  very  rich  lighting  gas.  If  we  are  not  mistaken, 
be  new  gas  will  cost  less  than  a  centime  per  metre  cube  (50 J  cents 
er  thousand  cubic  feet),  and  as  it  requires  only  three  cubic  metres  for 

horse  power  for  12  hours ;  this  force  which  in  the  most  privileged 
ountries,  in  the  county  of  Cornwall,  near  the  mouth  of  the  fuincs,  (when 
id  the  English  coal  mines  get  into  Cornwall  ?)  still  costs  five  centimes 
I  cent)  will  cost  at  Paris  but  one-fourth  of  this." 

By  the  way,  is  not  this  the  Saunders'  Patent  which  has  just  exploded 
ere,  after  a  temporary  notoriety  obtained  by  means  similar  in  char- 
cter  to  these,  but  of  less  brilliancy  '■. 

In  the  same  journal  we  find  the  following  appreciation  of  the  modi- 
cation  of  Rhumkorff 's  Induction  Apparatus  by  Ritchie,  of  Boston  : 

''An  American  ph^'sicist  had  brought  to  Paris  an  induction  machine 
f  a  form  somewhat  differing  from  that  adopted  by  M.  Rhumkorff,  and 
f  larger  dimensions,  which,  when  excited  by  a  sufficient  battery,  gave 

continued  series  of  sparks  truly  frightful,  13  inches  long  and  more, 
nd  snapping  with  a  formidable  noise,  less  like  electric  discharges  than 
ke  thunder-bolts.  The  professors  and  physicists  who  saw  it  in  opera- 
ion  at  M.  Jules  Duboscq's  were  astonished  ;  it  threw  the  apparatus  of 
be  celebrated  artist  into  the  shade,  and  for  a  moment  it  miirht  be  be- 
eved  that  they  had  been  surpassed.  M.  Jamin,  the  Professor  at  the  Po- 
^technic  school,  who  was  anxious  to  enrich  the  collections  of  that  estab- 
shment  with  an  extraordinary  induction  machine,  gave  a  sort  of  chal- 
?nge  to  M.  Rhumkorff;  he  threatened  to  purchase  the  American 
lachine,  if  within  a  very  short  interval  he  did  not  produce  as  power- 
i\  a  one.  M.  Rhumkorff  accepted  the  challenge,  and  his  new  appa- 
atus,  which  costs  less  than  half  that  of  the  American,  is  still  more 
owerful ;  the  sight  of  his  sparks,  or  of  his  thunder-bolts,  causes  the 
oldest  to  tremble ;  with  6  couples  of  Bunsen,  the  sparks  extend  to 
be  enormous  distance  of  16J  inches." 

Now,  omitting  this  extravagance  about  the  thunder-bolts  and  terrors, 
fhich  is  unworthy  of  a  serious  writer  on  Science,  let  us  establish  the 
Biet6  upon  which  the  story  is  based.     Prof.  McCulloh,  of  Columbia 
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College,  N.  Y.,  took  out  Avitli  liim  one  of  Mr.  Ritchie's  instruments, 
Up  to  this  time  M.  Uhuinkorfl'  hud  never  got  a  spark  over  3  inches 
in  length  ;  nor  had  Mr.  Hoarder,  Avho  improved  liliumkorfl's  instru 
ment  in  England,  got  over  G.  Mr.  Ritchie's  instrument  is  operatec 
by  3  cells  of  a  Bunsen  battery,  and  the  largest  form  (which  we  believe 
to  be  the  one  taken  over  by  the  Professor)  is  capable  of  giving  sparks 
18  inclies  in  lengtli. 

M.  Rhumkorff  had  (we  believe)  6  months  given  him  to  produce  hi: 
competing  machine,  and  was  allowed  to  examine  Mr.  Ritchie's  instru 
ment  and  even  to  dissect  it;  Mr.  Ritchie  never  having  attempted  an^ 
secrecy  as  to  the  differences  between  the  original  instrument  and  wha 
he  modestly  called  a  modification,  although  it  is  in  some  respects  en 
titled  to  be  considered  a  new  instrument.  If,  then,  M.  Rhumkori 
has  not  done  better  with  6  cups  of  battery  than  Ritchie  has  done  witl 
3,  the  Abbe  had  better  reserve  his  eloquence  for  future  endeavors. 


City  Telegraph, 

J.  Herpin  proposes  to  establish  throughout  Paris  a  system  of  tele 
graphs  by  which  messages  may  be  easily  and  rapidly  sent  from  on* 
part  of  the  city  to  another.  This  would  be  a  great  convenience  an( 
a  great  benefit  for  business  men.  The  proposed  tariff  is  very  cheap 
For  a  simple  message;  by  day,  2  cents;  by  night,  from  midnight  t< 
6  A.  M.,  4  cents :  message  and  answer,  3  cents  by  day,  5  cents  by  night 
He  calculates  the  probable  yearly  profits  of  the  enterprise  at  $200,000 
besides  the  employment  given  to  laborers,  lame  and  feeble  persons 
women,  &c. — Cosmos. 


Transparent  Ivory. "^ 

The  process  for  making  ivory  transparent  and  flexible  is  simpl;; 
immersion  in  liquid  phosphoric  acid,  and  the  change  which  it  under 
goes  is  owing  to  a  partial  neutralization  of  the  basic  phosphate  of  limi 
of  which  it  principally  consists.  The  ivory  is  cut  in  pieces  not  thick e 
than  the  twentieth  part  of  an  inch,  and  placed  in  phosphoric  acid  o 
a  specific  gravity  of  1*131,  until  it  has  become  transparent,  when  i 
is  taken  from  the  bath,  washed  in  water,  and  dried  with  a  clean  linei 
cloth.  It  becomes  dry  in  the  air  without  the  application  of  heat,  am 
softens  again  under  warm  water. — Druggists'  Circular. 

*From  the  Lond.  Chemical  News,  No.  16. 


Self-Registering  Hygrometer, 

MM.  Midre  and  Chaviere  have  improved  the  common  hair  hygro 
meter  of  Saussure  by  adding  to  it  two  loose  hands,  which  are  move( 
by  a  pin  from  the  main  index,  so  as  to  register  maxima  and  minima 
The  improvement  is  very  simple,  but  none  the  worse  for  that. 

Cosmos 
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Description  of  an  Ih'rmcticalhf'ficalcd  Barometer.*       V>y  lliciiAKD 

Adil',  Jjivcrpool. 

AVlien  mounted  on  an  ivory  scale,  this  instrument  resemljles  in  size 
,n(l  portability  a  pocket  thermometer  of  the  medium  or  lar^rer  ch'iss. 

It  is  constructed  from  a  piece  of  thermometer  tul)e,  in  'whicli,  in  lieu 
if  the  spherical  or  cylindrical  bulb  formed  for  a  thermometer,  a  cis- 
ern  is  made  in  the  form  of  the  section  of  a  cylinder,  1*4  ^i^, 
nches  diameter  and  1-lOth  of  an  inch  thick,  varyin^^  tliese 
neasures  according  to  circumstances;  but  generally  the  bulb 
las  nearly  the  shape  and  dimensions  of  a  half-crown.  On 
he  top  of  the  tube  there  is  an  air  cavity  similar  to  that  used 
n  Dr.  Rutherford's  registering  thermometer. 


31—    — 


30  — 


23 — 


23-^ 


27 — ! 


A.     The  cistern  containing  alcohol. 

BB.   The  tube  in  which  the  height  corresponding  to  the 

barometer  is  read, 
c.     The  top  of  the  alcohol  column. 
D.     The  air-cavity  for  correcting  for  temperature. 
31  to  27.     The  figures  to  represent  the  height  of  the 

column  c,  with  reference  to  the  mercurial 

column. 
Sub-divisions  between  each  inch  are  added  so  as  to  read 

on'  to  -03. 


The  influence  of  cliange  of  temperature  is  got  rid  of  by  trial  and  ad- 
ustment  of  each  instrument ;  so  that  the  expansion  of  the  air  in  the 
ipper  cavity  will  counterbalance  the  expansion  of  the  liquid  in  the  cis- 
ern.  This  correction  for  temperature  applies  only  to  the  condition 
)f  equal  heating  of  the  instrument  throughout.  "When  it  is  well  done, 
m  instrument  is  obtained,  which  is  extremely  sensitive  to  any  change 
)f  atmospherical  pressure. 

If  dipped  in  water  at  the  temperature  of  the  air,  the  column  in  the 
ube  immediately  rises  to  show  the  increase  of  pressure.  When  car- 
'ied  from  one  story  of  a  house  to  another,  the  change  is  noticed  as  the 
stairs  are  ascended.  In  the  beginning  of  last  April,  I  put  one  of  the 
)arometers  in  the  corner  of  the  compartment  of  the  railway  carriage 
n  which  I  was  traveling,  from  Liverpool  to  Edinburgh,  where  it  indi- 
:ated  regularly  the  extensive  changes  from  tlie  sea  level  which  that 
ine  of  route  contains. 

The  hermetically-sealed  barometer  which  I  have  found  to  work  best, 
s  filled  with  colored  alcohol ;  the  column  in  the  tube  movinoj  throus^h 
ibout  1*5  inches  for  every  inch  of  the  mercurial  barometer. 

Filled  with  mercury,  instruments  corrected  for  temperature  were 
)btained  to  move  through  half  an  inch  for  every  inch  of  the  barometer; 
3ut,  in  point  of  mobility,  they  were  much  inferior  to  alcohol-filled  tubes. 

Filled  with  ether,  an  instrument  corrected  for  temperature  could 
lot  be  obtained  in  combination  with  delicacy  of  indication ;  but  if  the 

*  From  the  Lond.  Quar.  Jour,  of  the  Cliemical  Society,  April,  ISOO. 
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correction  for  tcinpcrature  be  dispensed  with,  and  a  place  can  b( 
found  for  the  barometer  where  the  changes  of  temperature  are  small, 
ether,  in  an  hermetically-sealed  tube  of  the  kind  described,  would  fur 
iiish  a  most  minute  measure  of  changes  in  atmospheric  pressure. 

A  tube  filled  witli  water  did  not  act  with  delicacy,  from  the  want  o; 
mobility  in  the  lluid. 

In  the  hermetically-scaled  barometer,  the  reading  may  be  much  dis 
turbcd  by  unequal  heating,  when  the  instrument  is  held  in  the  hand 
or  the  sun  allowed  to  shine  on  a  portion  of  it.  This  can  in  a  degre( 
be  prevented  by  the  skill  of  the  observer,  with  the  interposition  o: 
non-conductors,  and  when  carried  by  holding  the  inst^'ument  suspend 
cd  by  a  cord,  rather  than  keeping  it  in  the  pocket  or  hand.  When 
the  indication  has  been  disturbed  by  unequal  heating,  it  must  remair 
suspended  fifteen  or  twenty  minutes  before  a  reliable  reading  can  b( 
made. 


Thin  Cast  Iron.  By  Wm.  Fairbairn,  Esq.,  F.R.  S.,  &c.,  President, 

in  the  Chair. 

From  the  Lond.  Chemical  News,  No.  19. 

The  President  exhibited  two  large  pans  of  cast  iron,  procured  by  Mr 
Worthington  from  China,  where  they  are  used  for  boiling  rice.  Th( 
metal,  which  is  at  the  strongest  part  only  one-tenth  of  an  inch  in  thick 
ness,  possessed  considerable  malleability.  The  President  remarkec 
that  the  art  of  making  such  large  castings  of  thin  metal,  was  unknowr 
in  England. — Proc.  Manclcester  Lit.  and  Philo.  Soc. 


JElectro  Copies  of  Engraved  Steel  Plates.     By  Henry  Bradbury. 

From  the  Journal  of  the  Society  of  Arts,  No.  389. 

Sir: — Through  the  medium  of  the  Journal  of  the  Society  of  Arts, 
in  July  last,  I  made  known  the  result  of  my  endeavors  to  deposit  pure 
nickel  upon  the  surface  of  engraved  copper  plates.  This  I  have  con- 
tinued to  do  with  marked  success.  The  deposit  has  nearly  the  appear- 
ance of  silver  in  color,  possesses  almost  the  hardness  of  iron,  is  free 
from  oxidation  by  air,  resists  the  action  of  the  ordinary  acids,  and, 
being  easy  of  manipulation  and  inexpensive,  is  w^ll  worthy  of  atten- 
tion. Each  coating  will  furnish  5000  impressions  and  upwards.  Il 
is  so  hard  as  to  stand  the  free  use  of  the  burnisher,  and  its  texture  is 
so  fine  as  not  to  show  the  worn  away  portions  of  the  deposit  after  eact 
successive  coating. 

Finding  the  deposit  so  beautifully  fine  in  texture  and  polished  ir 
surface,  it  occurred  to  me  that  if  an  engraved  steel  plate  were  covered 
with  such  a  deposit,  the  plate  might  safely  be  immersed  in  a  solution 
of  sulphate  of  copper,  and  a  metallic  matrix  be  produced  direct  from 
it,  without  the  risk  of  injury  from  the  action  of  the  acid  of  the  solu- 
tion. I  have  tried  this  with  complete  success,  and  have  found  (as 
might  be  supposed)  that  an  electro  copy  of  a  steel  plate  thus  obtained 
is  very  superior  to  one  made  from  a  matrix  of  gutta  percha  or  other 
plastic  composition.  The  engraved  plate,  however,  must  be  quite  free 
from  under-cut  lines. 

12  and  13  Fetter  Lane,  Fleet  Street,  May  2, 1860. 
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Fimion  of  Platinum. 

M.  II.  Sainto-Clalre  Dovillo  continues  to  aiinounco  liis  fusion  of  pla- 
;inuni  as  though  tlioro  were  sonu'thing  new  in  it.  In  tliis  city  it  has 
t)ecn  worked  in  this  way  in  largo  masses  for  years,  by  Mr.  IJislio]), 
■ormerly  assistant  to  Dr.  Hare.  And,  hy  tlic  way,  as  Prof.  Dcvillc 
continues  to  find  tlie  density  of  iridium  IS.  it  is  evident  tliat  his  fusion 
)f  that  metal  must  be  very  imperfect,  for  Drs.  Hare  and  Boyc  found 
21-8,  and  the  latter  was  not  free  from  air-bubbles.  Iridium  is,  there- 
ore,  the  heaviest  metal  yet  known. 

Clarifying  Coal  Oils. 

From  the  Lornl.  Clieiiiicul  N»;W8,  No.  IH. 

Messrs.  Dumoulin  and  Cotelle  have  been  making  a  series  of  cxpe- 
'iments  with  a  view  of  rendering  heavy  oils  suitable  for  ordinary 
ighting  purposes,  and  have  succeeded  in  producing  a  magnificent 
ight,  free  from  smoke  and  smell,  and  adapted  in  all  respects  for  burn- 
ng  in  a  room.  The  following  is  their  process  : — In  a  close  vessel  are 
)laced  100  lbs.  of  crude  coal  oil,  25  quarts  of  water,  1  fb.  of  chloride 
if  lime,  1  ft),  of  soda,  and  half  a  pound  of  oxide  of  manganese. 
Che  mixture  is  violently  agitated  and  allowed  to  rest  for  24  hours, 
vhcn  the  clear  oil  is  decanted  and  distilled.  The  100  tbs.  of  coal  oil 
.re  to  be  mixed  with  25  lbs.  of  resin  oil  ;  this  is  one  of  the  principal 
)oints  in  the  manipulation  :  it  removes  the  gummy  parts  from  the  oil 
-nd  renders  them  inodorous.  The  distillation  spoken  of  may  termi- 
late  the  process,  or  the  oils  may  be  distilled  before  they  are  defecated 
-nd  precipitated. — Le  Genie  Industriel. 


In  the  Composition  of  Water  obtained  from  the  Coal-strata,  Bradford 
Moor,  Yorkshire.     By  F.  A.  Abel,  Esq. 

From  the  Lond.  Ed.  and  Dub.  Phil.  Mag.,  May,  1S60. 

The  analysis  of  a  sample  of  water  from  the  above  source  was  un- 
lertaken  a  short  time  since  with  the  view  to  ascertain  whether  it  was 
,dapted  to  general  domestic  purposes.  The  results  furnished  by  the 
xamination  appeared  of  sufficient  interest  to  warrant  their  publica- 
ion. 

Two  samples  of  the  water  collected  at  the  mouth  of  a  coal-pit,  at 
n  interval  of  about  one  month  (the  separate  analyses  of  which  fur- 
lished  thoroughly  concordant  results),  were  submitted  to  me  officially 
or  examination  by  Lieutenant-Colonel  Hamley,  Commanding  Royal 
ilngineer  at  York,  who  informed  me  that  the  water,  which  is  highly 
steemed  in  the  neighborhood  for  drinking  and  culinary  purposes,  is 
aised  from  coal-pits,  at  a  depth  of  about  200  feet  beneath  Bradford 
^loor — an  abundant  and  regular  supply  being  obtained. 

The  specific  gravity  of  the  water  was  1000*78  at  60°  F.  Its  re- 
,ction  was  powerfully  alkaline,  and  its  flavor  was  brisk  and  agreeable. 
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Tlio  proportion  of  solid  matter  obtained  on  evaporation  amounted 
to  44-1  grains  in  an  im[)crial  gallon,  of  ayIucIi  by  far  the  largest  pro- 
portion consisted  of  carbonate  of  soda. 

The  alkjilinity  of  the  boiled  "water  was  determined  by  means  of 
standard  sulphuric  acid,  and  found  to  be  equivalent  to  a  proportion 
of  oO'TG  grains  of  carbonate  of  soda  in  an  im])erial  gallon. 

The  result  obtained  by  the  direct  determination  of  the  carbonic 
acid,  corresponded  accurately  to  the  proportion  rcfjuircd  by  theory  to 
hold  in  solution  the  whole  of  the  lime  and  magnesia  in  the  water,  and 
to  form  bicarbonate  with  the  amount  of  soda  represented  by  the  num- 
ber above  quoted. 

The  following  statement  represents  the  proportions  of  the  various 
constituents  existing  in  solution  in  an  imperial  gallon  of  the  water: — 

Bicarbonate  of  soda,  .                  .                  .     43-53 

Sulphate  of  soda,  .                  .                  .                7-50 

ChN)ride  of  sodium,  .                  .                  •        1-34 

Sulphate  of  potassa,  .                  .                  .                0*31 

l^liosphate  of  lime,  ,                  .                  .      trace. 

Carbonate  of  lime,  .                   .                  .                1-90 

Carbonate  of  magnesia,  .                  .                  .       080 

Organic  matter,  .                 .                 .                1-20 

Carhonic  acid,  holding  the  carbonates  of  lime  and  magnesia  in  so- 
lution, 1-25  grain  =  2-642  cubic  inches  at  60°  F. 

The  absence  of  nitric  acid,  ammonia,  silicic  acid,  alkaline  sulphides, 
and  oxide  of  iron  was  established  by  special  examinations. 


A  Composition  named  Zeiodelite,  a  kind  of  Paste  wJiich  becomes  as 
hard  as  Stone,  is  unchangeable  by  the  Air,  and  being  'proof  against 
the  action  of  Acids,  may  replace  Lead  and  other  substances  for  va- 
rioiis  uses."^    Joseph  SfMOX,  1859. 

Zeiodelite  is  made  by  mixing  together  19  Jbs.  of  sulphur  and  42  ibs. 
of  pulverized  stoneware  and  glass.  The  mixture  is  exposed  to  a  gentle 
beat,  which  melts  the  sulphur,  and  then  the  mass  is  stirred  until  it 
becomes  thoroughly  homogeneous,  when  it  is  run  into  suitable  moulds 
and  allowed  to  cool.  This  preparation  is  proof  against  acids  in  gene- 
ral, whatever  their  degree  of  concentration,  and  will  last  an  indefinite 
time.  It  melts  at  about  120°  Centigrade,  and  may  be  re-employed 
without  loss  of  any  of  its  qualities,  whenever  it  is  desirable  to  change 
the  form  of  an  apparatus,  by  melting  at  a  gentle  heat  and  operating 
as  with  asphalte.  At  110°  Centigrade  it  becomes  as  hard  as  stone, 
and  therefore  preserves  its  solidity  in  boiling  water.  Slabs  of  zeio- 
delite may  be  joined  by  introducing  between  them  some  of  the  paste 
heated  to  200°  Centigrade,  which  will  melt  the  edges  of  the  slabs,  and 
when  the  whole  becomes  cold  it  will  present  one  uniform  piece.  Cham- 
bers lined  with  zeiodelite  in  place  of  lead,  the  inventor  says,  will  en- 
able manufacturers  to  produce  acids  free  from  nitrate  and  sulphate  of 
lead.  The  cost  will  be  only  one-fifth  the  price  of  lead.  The  compound 
is  also  said  to  be  superior  to  hydraulic  lime  for  uniting  stone,  and  re- 
sisting the  action  of  water. 

*  From  the  Lond.  Chemical  NewSj  Xo.  14. 
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For  du'  Juiirniil  of  the  Krniiklin  IiifllUuto. 

J\jrticuli(rs  of  the  Steamer  Kilauca. 
Hull  built  by  l*aul  Curtis.    iSraclunory  by  Atlantic  Worlx.s,  Boston, 
Mass.    Owners,  C.  A.  AViliiams  iS:  Co.    Intended  seiviee,  at  the  JSand- 
ivieh  Islands. 

lliLL.— lii'iiRth  on  (l(<(k.  VM)  ft.  8  ins.  lJrc;u]lh  of  Ixmim  (mol.lrd),  20  ft.  D('i»tli  of 
lolil,  10  ft.  Do.  to  spar  dfck,  1(»  ft.  ()  ins.  I'rMincs  — nioldtil,  IIJ  ins. — sided,  12  to  11 
US. — apart  from  ocntios.  :U)  ins  ,  and  strapped  with  diagonal  douMo  Inaccs,  ^'ixi  in. 
Draft,  forward  and  all,  10  ft.  'J'onna<;o,  :)JJ8  tons.  Area  of  iniinrrsed  section  at  load 
Irnft  of  10  ft  ,  225  sq.  ft.      Masts,  two — Rig,  Uri^unline. 

KxGiNKS. —  Vertical  direct-acting.  Diameter  of  cylinder,  two  of  20  ins.  liengtli  of 
stroke,  3  ft.  Maximnm  pressure  of  steam,  25  lbs.  Cut-oil',  ordinarily  one-fourth.  Maxi- 
luini  revolutions  at  ahovc  prossuro,  55. 

BoiLi^u.— One— Iveturn  Hue.  Length,  28  ft.  Breadth,  7  ft.  9  ins.  Ileiglif,  exclu- 
sive of  steam  chimney,  8  ft.  0  ins.  JN'uniher  of  furnaces,  two.  Breadth  do.,  .'3  ft.  4  ins. 
[icngth  of  grate  bars,  6  ft.  3  ins.  Number  of  flues,  al)ove,  4,  below,  10.  Internal  dia- 
neter  do.,  above,  1  ft.  0  ins.,  below,  8  of  10  ins.  and  10  of  18  ins.  Length  do.,  above, 
22  ft.  8  ins.,  below,  15  ft.  11  ins.     Diameter  of  smoke  l)ipo,  3  ft.  3  ins. 

Puoi^KLLEKS.— Diameter  of  screw,  9  ft.  Lengtli  do.,  3  ft.  0  ins.  Pitch  do.,  21  to  23  ft. 
Vumber  of  blades,  three.  C.  H.  H. 


Specification  of  a  Patent  granted  to  Barnabas  Wood,  of  Davidson 
County,  State  of  Tennessee,  for  an  Improved  Alloy  or  Metallic 
Composition  suitable  for  a  Metallic  Cement  in  tbc  manufacture  of 
Tin,  Pewter,  and  other  metals  ;  also  useful  for  casting  and  other 
purposes. — Dated  March  20th,  18G0. 

The  object  of  my  invention  being  to  produce  an  alloy  possessing 
^reat  fusibility  in  connexion  "with  the  requisite  tenacity  and  malle- 
ibility  suited  for  certain  uses;  I  effect  this  object  by  the  employment 
3f  cadmium  in  suitable  proportions  in  combination  with  certain  propor- 
tions of  lead  and  tin  :  by  which  means  I  have  produced  an  alloy  which 
is  superior  to  others  in  use  in  respect  to  the  joint  qualities  above  men- 
tioned, and  which,  as  a  metallic  cement  or  solder  in  fabricating  wares 
from  certain  metals,  is  an  improvement  upon  all  others.  It  is  claimed 
a-s  an  improvement  upon  the  ordinary  solders  especially  for  soldering 
tnetals  consisting  essentially  of  tin,  such  as  pewter  and  other  of  the 
more  fusible  combinations  of  tin  employed  in  the  arts  ;  and  in  general 
in  all  those  cases  which  require  an  easily  melted,  and  highly  tena- 
cious and  malleable  solder. 

It  consists  of  the  following  proportions,  which  may  be  somewhat 
modified  in  various  ways  without  substantially  modifying  the  result, 
to  wit : 

Cadmium  from  one  to  two  parts;  lead  two  parts;  tin  four  parts  ;  the 
result  as  to  fusibility  and  tenacity  being  nearly  identical  whether  the 
cadmium  be  used  in  the  larger  or  smaller  ratio. 

This  alloy  possesses  great  strength  and  tenacity,  is  perfectly  mal- 
leable, and  melts  at  a  temperature  somewhat  under  300°  F.,  being 
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some  r>0°  or  00°  below  tlio  inoltin;!;  point  of  tlie  most  fusible  mixture 
of  lead  and  tin  used  for  solder;  and  is  not  inferior  in  otlier  ((ualities. 
And  in  tbe  essentials  of  tenacity  and  malleability  it  is  superior  to  any 
of  the  so-called  "  bismuth  solders  "  which  melt  at  as  low  a  temperature. 
Its  qualities  render  it  likewise  superior  to  any  other  alloy  for  castin;^ 
and  modelin;^  j)urposes,  in  certain  cases,  as  will  be  at  once  evident  to 
those  versed  in  the  business. 

The  specimen  marked  **  No.  8"  forwarded  Oct.  31st,  1850,  consists 
of  one  ])art  cadmium,  one  part  lead,  and  two  and  a  half  parts  tin.  Of 
the  additional  specimens,  Ko.  4  contains  two  parts  cadmium,  two  lead, 
and  four  tin  ;  and  No.  5,  one  part  cadmium,  two  parts  lead,  and  four  tin. 

For  p;reatcr  fusijjility  to  suit  particular  cases,  mercury  may  be  added, 
although  its  tendency  is,  especially  if  used  in  large  proportion,  to  im- 
pair the  quality  of  tenacity,  according  as  it  improves  that  of  fusibility. 
But  it  may  be  used  in  quantity  at  least  equal  to  that  of  the  cadmium 
without  sensible  deti-imcnt,  while  three  or  even  four  times  that  amount 
will  not  so  destroy  the  useful  qualities  of  the  composition  but  that  it 
may  be  used  to  advantage  as  a  solder  for  certain  cases,  thereby  lower- 
ing its  melting  point  to  nearly  the  temperature  at  which  water  boils. 

The  greatest  fusibility  is  obtained  when  cadmium  is  used  in  the  pro- 
portions of  the  formula  above  named,  or  in  the  ratio  of  one-fourth  to 
ojie-eighth  of  the  joint  quantity  of  lead  and  tin  ;  but  I  do  not  confine 
myself  to  this  ratio,  as  the  cadmium,  for  economy,  may  be  considerably 
reduced,  say  to  one-tenth  or  one-twelfth  of  the  otlier  two  metals,  with- 
out materially  diminishing  this  quality  of  the  alloy  for  practical  use. 

Cadmium  may  be  used  upon  the  same  principle  to  improve  the  or- 
dinary tinner's  solder  also  called  "  fine  solders,"  consisting  essentially 
of  tin  alloyed  with  lead  in  the  proportion  of  about  one  part  lead  to  two 
or  three  parts  tin  ;  being  u^ed  in  the  ratio  aforesaid  in  respect  to  the 
sum  of  these  metals,  thereby  conferring  greater  fusibility  than  a  like 
ratio  of  bismuth,  without,  like  bismuth,  impairing  the  qualities  of  te- 
nacity and  malleability. 

The  same  holds  in  respect  to  the  combinations  of  lead,  tin,  and  bis- 
muth, or  "bismuth  solders  "  in  the  more  fusible  forms  of  which,  the 
use  of  cadmium,  according  to  the  same  principle,  will  produce  results 
not  hitherto  obtained,  and  of  decided  benefit. 

In  particular,  those  mixtures  of  lead,  tin,  and  bismuth  which  melt 
at,  or  somew^hat  under,  the  temperature  of  boiling  water,  and  which 
in  consequence  of  this  extreme  fluidity  are  known  by  the  common  name 
of  "fusible  metal,"  may,  by  the  means  indicated,  be  greatly  improved 
in  this  quality  without  detriment  to  other  useful  qualities — the  use  of 
cadmium  in  any  form  in  these  mixtures  to  an  amount  equal  to  one- 
fourth,  or  one-eighth  of  the  amount  of  lead  and  tin  in  them  producing 
about  the  greatest  attainable  fusibility;  although  to  insure  the  best  re- 
sults in  respect  to  other  qualities,  as  tenacity  and  pliability,  it  is  better 
to  use  a  little  more  lead  and  less  tin  than  stated  in  the  usual  formulas 
of  "fusible  metal."  I  generally  use  the  following  proportions  where 
the  greatest  fusibility  is  required,  to  wit : — cadmium  one  to  two  parts, 
tin  two  parts,  lead  four  parts,  bismuth  seven  to  eight  parts ;  the  alloy 
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in  ihc^c  i^roportions  mrltiri^  at  alioiit  ]()0°  F.,  Ix'iiifj  some  40°  or  hO^ 
bilow  llio  iiii'llinir  point  of  tlio  said  "  I'lisiblo  metal  "  and  not  inferior 
in  otlior  qualities  for  the  ])urposc  of  a  metallic  cement.  'J'lie  t^pecimen 
marked  **xSo.  1",  eonlains  the  larger  i)ro])ortion  of  cadmium,  consist- 
ini:  of  cadmium  ^At  parts,  tin  Tii)  parts,  lead  1()o\  ))arts,  bismuth  212 
parts,  beiu^  combined  according  to  the  chemical  e«juivalents  of  the  in- 
gredients, conceivin;^;  tlie  union  to  be  more  intimate  and  perfect — al- 
thouixh  subsequent  experiment  has  not  demonstrated  any  practical 
advantapic  to  result  from  such  nice  adjustment  of  proportions. 

"When  the  cadmium  constitutes  from  one-tenth  to  one-twelfth  of  the 
joint  amount  of  lead  and  tin,  the  melting  point  will  be  about  170°  or 
180°  F.,  being  low  enough  ior  general  use  in  most  cases. 

These  ])roportions  may  be  somewhat  varied  witlnjut  materially  modi- 
fying the  result.  The  })roportions  of  cadmium  and  bismuth  remaining 
the  same,  those  of  the  lead  and  tin  may  be  greatly  varied  in  respect 
to  each  other,  ])rovided  the}'' jointly  hold  a  similar  ratio  to  the  "whole. 
Thus  for  {rreater  softness  the  lead  may  be  emijloycd  in  a  much  "-reater 
excess  over  the  tin  than  stated  in  the  formula,  and  for  greater  liard- 
ness  and  rigidity,  the  tin  may  preponderate  over  the  lead. 

This  alloy  may  be  used  as  a  cement  for  very  fusible  alloys,  sucli  as 
the  ''white  metal"  used  for  bells,  the  clicJic  of  the  French,  and  the 
so-called  "fusible  metal"  above  named;  also  for  light  Avares  of  pew- 
ter, &c.,  and  as  a  convenient  temporary  cement;  also  for  light  castings 
requiring  a  more  fusible  material  than  the  bismuth  alloys  ;  not  being 
liable  to  the  objections  appertaining  to  the  amalgams  resorted  to  in 
such  cases. 

Its  melting  point  may  be  lowered  by  adding  mercury,  which,  in  quan- 
tity equal  to  one  or  two  parts  of  the  cadmium,  is  less  objectionable  than 
in  alloys  without  cadmium. 

For  greater  tenacity  with  a  melting  point  similar  to  that  of  the  *' fu- 
sible metal"  before  mentioned,  a  larger  proportion  of  lead  should  be 
used,  so  that  this  metal  shall  equal  or  somewhat  exceed  the  quantity 
of  bismuth. 

My  mode  of  compounding  the  ingredients  possesses  nothing  peculiar ; 
they  may  be  melted  all  together  and  mixed  by  stirring,  or  melted  se- 
parately and  poured  together.  I  usually  melt  the  cadmium  and  lead 
together  in  one  vessel,  and  the  tin,  or  tin  and  bismuth,  in  another, 
pouring  them  together  when  melted,  and  mixing  thoroughly  by  pour- 
ing the  whole  a  few  times  from  vessel  to  vessel.  Mercury  when  used 
is  added  to  the  melted  alloy,  mixing  as  before. 

Nor  is  my  manner  of  using  the  composition  peculiar.  The  parts  of 
the  metals  to  be  cemented  are  touched  with  a  solution  of  chloride  of 
zinc,  and  the  solder  applied  as  usual,  and  fused  by  the  application  of 
heat  in  any  of  the  ordinary  modes.  In  casting,  when  used  for  taking 
casts  or  moulds  from  other  fusible  metals,  these  should  be  brushed  over 
with  black  lead,  lamp  black,  India  ink,  or  other  pigment,  to  prevent 
adhesion.  A  solution  of  logwood  or  red  sanders  in  alcohol  is  very  con- 
venient for  the  purpose. 

I  do  not  claim  the  combination  of  lead  and  tin,  or  of  lead,  tin,  and 
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l)ismutli.  in  tlio  proportions  spocifiod,  nor  any  other,  separate  and  apart 
iVoiu  ('adtniiiMi.  ISor  do  1  claim  any  results  that  have  been  produced 
by  any  of  the  combinations  referred  to  apart  from  cadmium,  whether 
that  of  fusibility  or  any  other,  nor  any  jnerely  equivalent  results  that 
may  have  been  hitherto  produced  by  other  combinations.  I  do  not 
claim  the  use  of  cadmium  as  an  alloy,  or  as  an  ingredient  in  alloys,  to 
be  any  thing  new,  nor  its  use  in  connexion  with  any  of  the  metals  spe- 
cified for  the  purpose  of  pr(Klucing  an^'^  results  in  alloys  other  than 
those  described.  I  confine  myself  to  its  use  in  the  ratio  substantially. 
as  specified  in  combination  with  the  metals  herein  specified  in  the  pro- 
portions of  the  said  metals  substantially  as  set  forth,  so  as  to  produce 
an  iniijrovement  in  alloys  whether  in  the  qualities  of  fusibility  and  te- 
nacity jointly,  or  of  either  (separately),  but  without  practical  detri- 
ment to  the  other,  so  as  to  produce  a  better  article  for  use  as  a  metal- 
lic cement,  and  for  certain  other  uses. 

"What  I  therefore  claim  as  my  invention  is, 

The  composition  of  matter,  or  alloy,  consisting  of  the  following  pro- 
portions of  cadmium,  lead,  and  tin,  or  any  modification  thereof  substan- 
tially as  indicated  so  as  to  produce  a  similar  result  in  alloys,  to  wit: 
cadmium  from  one  to  two  parts,  lead  tw^o  parts,  tin  four  parts,  possess- 
ing the  properties  and  advantages  as  herein  described,  and  that  may 
be  used  as  a  metallic  cement,  and  for  other  purposes,  and  to  which  also 
mercury  may  be  added,  as  set  forth,  to  modify  the  result  for  particular 
cases. 

I  also  claim  as  a  further  application  of  the  same  principle  embodied 
in  the  production  of  the  aforesaid  alloy,  the  composition  of  matter  or 
alloy  consisting  of  from  one  to  two  parts  cadmium,  two  parts  tin,  four 
parts  lead,  and  seven  or  eight  parts  bismuth,  or  any  modification  there- 
of as  herein  specified  and  indicated  so  as  to  produce  an  alloy  as  de- 
scribed, useful  as  a  cement  and  for  other  purposes  as  set  forth,  and  to 
which  also  mercury  may  be  added  as  stated. 

What  I  claim  as  new  in  either  case  being  the  herein  specified  im- 
provement in  alloys  produced  by  using  cadmium  in  the  ratio  and  man- 
ner herein  described,  in  combination  with  the  metals  specified  in  the 
proportions  thereof  substantially  as  set  forth. 
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AMERICAN  pat: 

EXTS  ISSUED  FROM  MAY  1, 

TO  MAY  31,  1860. 

Air  Engine, — Corapressed 

Dana  Bickford, 

Westerly, 

R.I. 

15 

Amalgamator,                      . 

J.  A.  Brock, 

Chicago, 

111.    - 

1 

Auger, — Hollow     . 

Nye  and  Haviland,     . 

Elmira, 

N.-Y. 

22 

Axle  Boxes,                        . 

H.  Ti.  Castile, 

Memphis, 

Tepn. 

15 

A.E.Smith, 
G.L.Bailey,.     . 

Brouxville, 
Portland, 

N.  Y. 
Me. 

8 
22 

Ballot-box, 

Bands  for  Machinery, 

J.  H.  Clifton, 

Newcastle, 

Penna. 

22 

Bark  Mills, 

William  Tanslev, 

Salisbury  Cent. 

N.  Y. 

29 

Barometers, 

H.  A.  Clum, 

Auburn, 

11 

29 

Barrels, — Tools  for  Opening 

David  Snedeker, 

City  of 

« 

8 

A77irrira7i  Patents  which  issued  in  May^  1800. 

Basket.  .  J.  K.  I'urk, 

Bavoiiot  Scal)bnrd8, — IVTantif.  of  Kiiutkoh  (Jaylonl, 

, — Frog  lor  \\'illiam  Hi»iriiiaii, 

Bod  Holtom,  .  L.  \V.  IJuxton,    . 

Bidstcad  Faslcnini;,  Hicluird  Hiihhard,        . 


l*iirt'lirs  Miles, 
■Koldinjf  lOdvvard  Colly, 


Bodstoads, — Invalid  .  A.  M'.  CJliasc, 

Bco-Iiivos,  .  J.S.  IJlack, 

Boor  I'owdors,  .  John  MoKiIIar, 

Bill  of  Faro,  .  William  A.  Bury, 

Billiard  TaMo  Pocket-irons,  J.  P.  Elliiolt, 

Tallies, — Chalk-holder  " 

Boats, —  Suspending  .  C.  II.  Ilasker, 

Bolt, — Flush  .  Willianj  W.  Carnes, 

Bonnet  Frames, — Clamp  for  il.  A.  Reynolds, 

Bonnets,  ,  A.  Henri, 

Book-binding,  .  'I'homas  Towndrow,   . 

Boot  and  Shoe  Solos, — Burnish.  E.  T.  Ingalls, 

, — Fill'gtorE.  N.  Foofo, 

Boots  «fc  Shoes, — Jointed  Tip  for  (J.A.Mitchell,     . 

, — Skiv.  Counters  W.  A.  Bacon, 

, — Wooden  Solos  Alexander  llanvoy. 

Bosom  Expanders,  .  ('hurch  and  Ellsworth, 
Brushes,                   .                           William  Tusch, 
Brush, — Hair                       .              J.  R.  In^ersoll, 
Buildings, — Machine  for  Moving  Samuel  ^^'olls,     . 
Butt  Hinge,                           ".  J.  E.  Shields, 
Butter, —  Macliine  for  Printing      Miller  and  Wiegand, 
Worker,                  .              Lydia  W.  Stiles, 

Damp  Stool,  .  J.  W.  Willett,     . 

Canal  Locks, — Gates  for  S.  J.  Sooly, 

Dane  Juice, — Defecating  E.  H.  Wheeler,   . 
Danals, — Auto.  Draw-bridges  for  G.  C.  Bovoy, 

Dandle  Mould  Boxes,        .  G.  A.  Stanley, 

Moulding  Apparatus,  " 

Dane  Juice, —  Clarifying  P.  Marcolin  &  E.  Eude, 

Caoutchouc, — Vulcanizing  S.  W.  Warren, 

Dajjs, —  Forming  Seamless  Felt  J  L  Bridge  «fe  W  B  Lodge,  Vernon, 

, — Making  Sheet  Metal  Orrin  Newton, 

Dar  Brakes,                         .  H.  A.  Mears,        . 
.  E.  F.  Jewott, 

Couplings,  .  J.  S.  Vauehan,    . 

Scats,  .  C.  A.  McEvoy, 

Springs,  .  William  Kingsbury, 

Wheels,  .  S.P.Smith, 

Windows, — Sash-support,  H.  K.  Smith,        , 

Cars  for  Transport'g  Cattle,  &c.,  Lee  Swearingen, 

Darpet-clcaner,  .  H.  L.  Nichols, 

Cattle, — Apparatus  for  Breachy  J.  P.  Ledy  &  W.  Boyers,  Mt.  Carroll, 

Cement,  .  Horace  Billings, 

.  Charles  Fricke, 


Cements, — SilicateJ  G.  E.  Vanderburgh, 

Chimney  Cowl,  .  George  Millard, 

Churn,  .  W.  B.  Gordinier, 

.  R.  G.  Holmes, 

.  G.  H.  Van  Vleck, 

.  J.  W.  Evans, 

D.  M.  Woodin, 


Cigars, — Machines  for  Making      Thomas  'J'horp, 
Clocks  Vertically, — Adjusting      J.  F.  Keeler, 
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Marlboro', 

MuHS. 

1 

(     hwOjK'O, 

tt 

L-i 

Solano  CO., 

Cal. 

K 

Nashua, 

N.  H. 

H 

Milton, 

Ind. 

1.') 

New  Haven, 

(-/'«)nn. 

l.'i 

Brooklyn, 

N.  V. 

1 

Ann  Harbor, 

Mirh. 

l.S 

Bioomlit'ld, 

Kv. 

IT) 

'J'homaslon, 

Me. 

l.'i 

G rosso  Isle, 

Muh. 

H 

Washiriglon, 

D.  C. 

I 

i( 

<i 

22 

Portsmouth, 

Va. 

2 'J 

Roxbury, 

Mass. 

22 

City  of 

N.  Y. 

I 

Louisville, 

Kv. 

I 

City  oi 

N.  V. 

21) 

Haverhill, 

Mass. 

S 

Saratoga  Spr's, 

N.  V. 

1 

Turner, 

Mo. 

22 

Canipello, 

Mass. 

2 'J 

Steubenvillo, 

Ohio, 

I 

Birmingham, 

Conn. 

8 

Brooklyn, 

N.  Y. 

22 

City  of 

li 

22 

Elmore, 

Ohio, 

OO 

Washington, 

D.  C. 

29 

Philadelphia, 

Penna. 

Brooklyn, 

Ohio, 

15 

W  arch  am. 

Mass. 

Ot> 

Albany, 

N.  Y. 

8 

New  Orleans, 

La. 

8 

Chillicothe, 

Ohio, 

8 

Cleveland, 

Ohio, 

8 

(< 

(( 

8 

New  Orleans, 

La. 

22 

City  of 

N.  Y. 

OO 

Vernon, 

(( 

8 

Pittsburgh, 

Penna. 

22 

Pocatonica, 

III. 

I 

Plain  villo, 

Ohio, 

1 

Alexandria, 

Va. 

22 

Richmond, 

Va. 

8 

City  of 

N.  Y. 

8 

Troy, 

t( 

29 

Philadelpliia, 

Penna. 

29 

Valley  Riv.  F's, 

,  Va. 

29 

City  of 

N.  Y. 

22 

Mt.  Carroll, 

III. 

15 

Bcasdstown, 

i( 

I 

Mobile, 

Ala. 

1 

(( 

<( 

29 

Mamarancck, 

N.  Y. 

29 

W'aterbury, 

Conn. 

L5 

Coudersport, 

Penna. 

8 

A\'orccstcr, 

Mass. 

8 

BulFalo, 

N.  Y. 

8 

Forsyth, 

Ga. 

29 

Brandon, 

Wis. 

29 

City  of 

N.  Y. 

I 

Cleveland, 

Ohio, 

1 
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American  Patents, 


CIoll), — Miuliinery  for  Drying 

CIotluK-lraiur, 

Collins, 

Coke, — Desulphurizing 

Corn  Planters, 


IShclIc 


Brzalool  Sexton, 
J.  l''riisor,  . 

Carter  and  Jones, 
(leorge  JNock, 
Williain  C.  Banks,      . 

Amos  Seaman,  • 

J.  H.  IJonliam,     . 

A.  Hayes  &  J.  Varicurcn, 

Joel  Lee, 

li.  T.  Stowell, 

John  Johnson, 

J.  C.  Moore, 

J.  G.  Putnam, 


Cotton, — Machines  for  Cleaning  John  Gilmore, 


— Bales, — Iron  Ties  for 


-, —  Locks  for 

-, — Metal  Ties  for 


Presses, 


Seed  Planters, 


Walter  Stewart, 

Wm.  S.  Loughborough, 

A.  P.  Merrill,  Jr., 

James  Aiken, 

Y.  F.  Wright, 

M.  M.  Jones, 

N.  E.  Badgley, 


Counter  Shaft, — Arrangement  of  G.  W.  Davis, 


Couplings  for  Shafting, 
Cow-milkers,  . 


Cultivator  Teeth, 
Cultivators, 


-Hand 


Cup  and  Stand, — Metallic 
Curtain  Fixture,    . 

Dentists,— Moulds  for  metal  dies,  F.  Y.  Clark, 


Samuel  Hall, 
L.  0.  Colvin, 

D.  B.  Rogers, 
John  Neff,  Jr., 
R.  P.  Van  Home, 
D.  C.  Jordan, 
S.  J.  Ladd, 
J.  F.  Hall, 


Digging  Machines, 
Ditching  Machines, 


Door  Fastener, 

Latch,  . 

Lock, 

Plate,— Glass 

Drain  Tiles, — Mode  of  Laying 
Drains, — Cement 
Dress  Hook,  . 

Drill,— Hand 


A.  A.  Garver, 
Benedict  and  Cummings, 
C.  O.  West  and  others, 
John  Masters, 
John  Lightfoot,    , 
R.  L.  Underhill, 
Henry  Lockwood, 
Montague  &  Townsend, 
H.  F.  Baker, 
Benjamin  Livermore, 
J.  W.  Strange,     . 
J.  H.  Parker, 


D.  F.  Savage, 
Tolhurst  and  Sartwell 


Frederick  Ashley, 


Dumb-bells, 
Dumping  Wagons, 

Egg-beater, 

Elastic  Cloth, — Manufacture  of    H.  H.  Day, 
Electrodes, — Insulator  for  Engler  and  Krauss, 

Embroidery  Sewing  Stand,  Dana  Bickford,    . 

Engraving  Rollers, — Mach's  for   William  Shields, 
Evaporating  Apparatuses,  Isaac  Sherman,    . 

T.J.Price, 
,  Ernst  Constantine, 

George  Stevenson, 

Fat,-— Machines  for  Cutting  J.  M.  Hunter, 

Fats  into  Fatty  Acids, — Decora.  R.  A.  Tilghman, 
Feathers, — Renovating      .  O.  J.  Pennell, 

Felloes, — Machines  for  Bending  Arthur  Hemenway, 


Liquids, 


Alltany, 
Rochester, 
City  of 
Pittsburgh, 
Como  Depot, 
(( 

Winnebago  co., 

Elizabethtown, 

Chenoa, 

(lalcsburgh, 

Quincy, 

iS'a[)le8, 

]*eoria, 

Tioga, 

New  Orleans, 

Natchez, 

Rochester, 

Natchez, 

Green  Hill, 

Morrisville, 

Gadsden, 

Brooklyn, 

City  of 

Cincinnatus, 

Pittsburgh, 

Pultney, 

Gratiot, 

Center  Port, 

Providence, 

Bangor, 

Savannah, 

Mechanicsb'gh, 

W.  Springfield, 

Martinsville, 

Waukegan, 

Cold  Spring, 

Bath, 

City  of 

New  Bedford, 

Centreville, 

Hartford, 

Bangor, 

Boston, 


Liverpool, 
City  of 

Paris, 

Westerly, 

Manchester, 

Cleveland, 

Industry, 

City  of 

Zionsville, 

City  of 
Philadelphia, 
Williamsport, 
Cleveland, 


N.  Y.       8 

1.5 

"         29 

Penna.    29 

Miss. 


III. 

Ohio, 

III. 


Penna. 
La. 

Miss. 
N.  Y. 
Miss. 

Ga. 

N.  Y. 
Ala. 

N.  Y. 


Penna. 
N.  Y. 
Ohio, 
N.  Y. 
R.  L 
Me. 

Ga.         22 

Penna.  22 

15 

Ohio, 

III. 

Ky. 

N.  Y. 
(( 

Mass. 
Ind. 
Vt. 
Me. 

Mass. 


Ohio,        8 

N.  Y.       1 
29 
France,  15 
R.  L  1 

Engl'd,  15 
Ohio,  22 
III.  15 

N.  Y.  8 
Ind.  8 

N.  Y.       8 

Penna.    15 

29 

Ohio,        1 


American  Patents  which  issued  in  May^  18G0. 


Fi'lIiriR  Trees,  .  Poineroy  JoliriHon, 

Foiulis.  .  T.  \\ .  betray. 

Ferlilizem,  .  I.euiuel  Stephens, 

,— Mach's  for  Sowing  K.  J.  Hill, 

FiltiMs,                                   .  L.  s.  Cljieiiester, 
Killerinj?  Apparatus,  J.  H.  G.  U.  Wafjner, 
Fire  Arms, —  Hainnier  Guards  Uenjainin  JSingletou, 
, — Repeating;    .  W'.ll.   Klliolt, 


-Revolving; 


Pire-escape, 


Pire-place, 

Pirc-proof, — Remlering  Safes 

Flock, —  Machiuery  for  Culling 

Flues, — Construetion  of 

i^ruit  and  Vegetable  Cutter, 

furnaces, 

, — Hot-air 

, — Feeding  Sawdust  to 

5asaliers,  . 

jJas, — Apparatus  for  Generating 

liurners, 

Retorts, 

, — Securing  Lids 

jrates, 

late  Pulley, 

jrirders, — Iron  Truss 

jilass, — Grinding  &  Polishing 

jovernor  Valves, 

5rain  Binding  Machines, 

Cleaners, 


Scales, 

Separators  and  Cleaners, 

Weighing  Machines, 

jrate, — Coal 

Jrinding  Surfaces, — Pig  Metal 

jrrist  Mills, 

jun  Stocks, 

Tair, — Picking  Curled 
laltcrs, 
iame  Tugs, 
farrows, — Seeding 
larvesters. 


-Guard  Fingers  for 
■Raking  Attach,  for 


larvesfing  Machines, 
lat  Bodies, — Felting, 
leating  Apparatus, — Steam 

Buildings, — Boiler  for 


lemp  Brakes,  , 

ioisling  Machinery, 

Persons, — Machines  for 


Savage  and  North, 
A.  J.  (iihson, 
Frederick  Seymour, 
Baker  and  McGill, 
Leonard  King, 
liouib  Knocke,     . 
All)in  Warth, 
Henry  Powelson, 
Alfred  Carson, 
A.  K.  Eaton, 
J.  Tillon  &  E.  Riston 
R.  F.  O'Brien,     . 
W.  H.  Trissler, 
R.  R.  Ta}  lor,       . 
Jacob  Stubcr, 
J.  P.  Wigal, 

J.  W.  Kerr, 
A.  K.  Tupper,     . 
G.  W.  Thompson, 
Charles  Wooster, 
J.  R.  'JMiomas, 
S.  H.  Sill, 
David  Bedell, 
.1.  W.  Murphy,    . 
Albert  Broughton, 
G.  H.  Tiinmerman, 
Daniel  VV.  Ayres, 
P.  C.  Fritz, 
W.  W.  Webster, 
Charles  Hunter, 
W^m.  M.  Amall, 
Lovett  Eames, 
W.  T.  McMillen, 
Thaddeus  Selleck, 
Charles  Badger, 
C.  R.  Alsop, 

William  Adamson, 
Lewis  Whitehead, 
Jacobs  Hovey, 
M.  S.  Root, 
S.  T.  Bruce, 
W.  A.  Kirby,       . 
Stoler  and  Sisson, 
G.  W.  Slough,     . 
W.  H.  Wilson, 
J.  A.  Wagner,     . 
M.  R.  Lemman, 
L.W.  Leeds  &  C.Va 
G.  W.  Richardson, 
C.  F.  Hitchings, 
John  Mills.  Jr., 
R.  A.  Wilder,      . 
L  H.  Hobbs, 
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Whitney 'h  Pt.,    N.  V.      15 

M.nilp.JM.r,  Vf.           il'J 

IMiihuUlphia,  I'eiina.      8 

AiMcri«'u.s,  (i.i.          2U 

City  of  N.  Y.      a 9 

Paris,  France,  "ZM 

Portsmouth,  Va.             1 

Plaltsburgh,  M.  V.     21) 
21) 

Cromwell,  ('oiin.      15 

Worcester,  Mass.      22 

Cincinnati,  Ohio,         1 

City  of  M.  Y.     22 

Bridgeport,  Conn.     22 

Davenport,  Ljwa,      22 

City  of  N.  v.     29 

N.  Brunswick,  N.  J.       29 

City  of  N.  Y.      22 

Brooklyn,  "          29 

Northfield,  N.  H.      15 

Boonville,  Mo.          L5 

Lima,  Lid.         22 

Reading,  Penna.     8 

L'tica,  N.  Y.        I 

Henderson,  Ky.            8 

Pittsburgh,  Penna.   22 

Milford,  Mich.      22 

City  of  N.  Y.        1 

Williamsburgh,       "  29 

Geneva,  "            8 

Seneca  Falls,  •'            8 

Philadelphia,  Penna.      8 

City  of  N.  Y.     29 

St.  Louis,  Mo.           1 

Middleport,  III.           22 

Barrytown,  N.  Y.        1 

Foxville,  Va.            I 

Indianapolis,  Ind.           8 

Sperryville,  Va.       *      1 

Kalamazoo,  Mich.      15 

St.  Louis,  Mo.        22 

Greenwich,  Conn.       1 

Edgerton,  Wis.       22 

Middletown,  Conn.     22 

Philadelphia,  Penna.  29 

Nunda,  JV.  Y.        1 

Bedford,  Mich.        8 

Medina,  Ohio,      22 

Marshall,  Mo.           1 

Buffalo,  N.  Y.      15 

Bristol,  Penna.    15 

Canton,  Ohio,         8 

Denton,  Md.           8 

Pultney,  N.  Y.     22 

Columbus,  Miss.        8 

City  of  N.  Y.  29 
29 
15 

Quincy,  III.           29 

(^ressona,  Penna.      1 

Philadelphia,  "         15 
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American  Patents. 


Htillow  Warp, — Spin'g  Metallic   John  (>rry, 


l[»)ruiny  Mills, 

llodk  Catcli  lor  Doors, 

Hooks  ami  Eyes, 

Hoops, —  Locks  for  Metal  13alc 

, — Macluno  for  Splitting 

Ih)rsc  Powers, 

Sliocs. 

Horses'  Feet, — Cushion  for 
Hose, — Machines  for  l<ul)i>er 

, — Manufacture  of  Kuhber 

Coupling, 

Tubing, 


— , — Rubber     . 

, — Flexible, 

]Iy(lrants,  &c., — Valves  for 
Hydraulic  Motor, 
Presses,  . 

Ice  Cream  Freezers, 


Healwolc  «Sc  Mauck,   , 

C.  H.  Ivicharils,    . 

H.  M.  .Sinilh, 

C.  A.  Dubs, 

S,  F.  Alhcrton, 

(Jlidilen  <?t  Starkweather, 

1{.  A.  (Joodeiiough,     . 

]><)rcn  Hail,  . 

T.  J.Mayall, 

S.  W.  Warren, 
H.  A.Alden, 
'J\  J.  Mayall, 
H.  A.  Alden, 
M.  C.  Meigs, 
Wni.  Kcnnish,  . 
C.  W.  Flii)pen, 

G.  W.  Davis, 
C.  W.  Packer,     . 
G.  W.  Brown,  . 

N.  F.  Griswold,   . 


I'itcher, 

India  Rubber  Goods, — Finishing  Trotter  &  Williams, 


Ink  Reservoir  for  Pens, 
Iron, — Restoring  Burnt 

Kettle  Ears, — Making 
Keys, 

. — Attaching  Bows  to 

Key-holes, — Guards  for 
Knives, —  Sharpening  Cylind. 
Knitting  Machines, 


Lamps, 


', — Vapor, 


-Burners  for 


R.  B.  Fitts, 

G  W  Morris  &  W  Quann, 

Morris  Wells, 

James  Deally, 

E.  L.  Gaylord, 

T.  G.  Harold, 

J.  H.  and  A.  T.  Goodell, 

Eli  Titfany, 

John  Chantrell,   . 

W.  H.  McIVary, 

John  Stuber,         • 

Octave  Saulay, 

M.  V.  B.  Buel,    . 

T.  G.  Clayton, 

I.  W.  Pettibone, 

J.  H.  Rollins, 

Albertus  Geiger, 

S.  W.  Lowe, 

T.  S.  Ray  &  A.  C.  Rand, 

Emil  Trittin, 


, — Generators  for  S.  D.  Baldwin, 

Lanterns,  .  J.D.Brown, 
Laps, — Machinery  for  Winding  J.  E.  Cheney, 
Lasting  Machines,             .  W.  Wells, 
Lathes,                     .  J.  M.  Scribner, 
Leather, — Machines  for  Finish'g  W.  P.  Martin, 
Stretch'g  J.  H.  Haskell, 


liifting  Jacks, 

Locks, 

Lock,  . 

Locks  for  Traveling  Bags, 

Locomotive  Boilers,  • 

Looms,  . 


, — Harness  Frames  for 
, — Narrow-ware 


W^m.  Clare  Anderson, 
Lyman  Derby,     . 
Andrew  Rankin, 
Bourne  &  Cunningham, 
John  Thompson,         . 
Tillotson  Clarkson, 
J.  H.  Clifton, 
James  Greenhalgh,  Sr., 
Benjamin  Hardy, 


Lozenges, — Machines  for  Cut'g    W.  J.  McClelland, 
, Mak'g  Gottfried  Kober, 


Pittsburgh, 

Penna. 

I 

Harrisonburgh, 

Va. 

1 

Brooklyn, 

N.  y. 

8 

Springfield, 

Vt. 

22 

Natchez, 

Miss. 

8 

Filchburgh, 

Mass. 

1 

Alvaretla, 

Wis. 

29 

Brooklyn, 

N.  Y. 

29 

Milford, 

Mass. 

29 

Koxbury, 

<( 

15 

It 

4( 

22 

Brooklyn, 

N.  Y. 

8 

Matteawan, 

(< 

8 

lioxbury. 

Mass. 

22 

Matteawan, 

N.  Y. 

22 

Washington, 

D.  C. 

22 

l^oiidon. 

Engl'd, 

,  15 

Laurel  Grove, 

Va. 

8 

New  Orleans, 

La. 

22 

Philadelphia, 

Penna. 

22 

City  of 

N.  Y. 

29 

Meriden, 

Conn. 

1 

City  of 

N.  Y. 

22 

Philadelphia, 

Penna. 

8 
1 

Brooklyn, 

N.  Y. 

8 

Louisville, 

Ky. 

29 

Teirysville, 

Conn. 

29 

Brooklyn, 

N.  Y. 

29 

City  of 

u 

I 

'i'hompsonville, 

,  Conn. 

1 

Bristol, 

n 

15 

Brooklyn, 

N.  Y. 

15 

Utica, 

N.  Y. 

1 

New  Orleans, 

La. 

8 

Buffalo, 

N.  Y. 

1 

W'ashington, 

D.  C. 

15 

Norfolk, 

Conn. 

15 

Wapello, 

Iowa, 

15 

Dayton, 

Ohio, 

29 

Philadelphia, 

Penna. 

29 

Butialo, 

N.  Y. 

29 

Philadelphia, 

Penna. 

15 

Milwaukie, 

W'is. 

8 

Cincinnati, 

Ohio, 

29 

Lowell, 

Mass. 

15 

Boston, 

«< 

1 

Middleburgh, 

N.  Y. 

15 

Salem, 

Mass. 

1 

Baltimore, 

Md. 

15 

St.  Louis, 

Mo. 

15 

City  of 

N.  Y. 

8 

Philadelphia, 

Penna. 

22 

City  of 

N.  Y. 

1 

East  Boston, 

Mass. 

29 

South  Adams, 

t( 

1 

Newcastle, 

Penna. 

29 

Pascoag, 

R.  L 

15 

City  of 

N.  Y. 

I 

8 

«« 

« 

22 

American  Patents  which  issued  in  M<ij/,  18G0. 
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Miiiiisnils  (if  r.>ro-nii(l-aft  vessels,   (I.  W.  fJoriui, 
M.iiiiic  Cliails, —  Ik'ariiigs,  A:c.,    !•'.  I\.  Kiiorr, 
l'r«ip<II»'r, 


Mt-asuriiig  'I'apcs, 
Moat  Clioppcr, 

Cut  lor. 

Mochiuiioal  Movpmonts, 
Millstones, — (^otnontiiiff 

• ,— -Dross  I'ov 

,— Haiiffiiig 


Kl.Iri.l^'o  Wohor, 
().  W.  Minanl,     . 
C.  1).  IJookor, 
I*iirolM's  Milos, 
.1.  JI.  U'ail, 
Saimiol   Hoyf, 
•loliu   Hroiij^liton, 
J.  II.  (flovcr, 
(r.  P.  Dance. 
Stophon  Hull, 
M.  A.  S|io|)ar(l, 
Jolm  Dou'^hoity, 


MilIs,.-PIatos  to    . 

Mill  Races, —  Floating  Sluices 

Mouldini^, 

M(MiMinp:s, — Machine  for  Cut'g  J.  U.  Winslow, 

]\Top  Wringer,         .  Orville  (/lioale,    . 

McUion, —  Converting        .  liOuis  Planer, 

Mousing  Hook,      .  S.  G.  (Jolcinan,    . 

Mowing  Machines,  .  A.  M.  (Jeorge, 

Mowing  and  Reaping  Machines,  Richard  Kctchum, 

Mu-ical  Instrument,  .  Aloys  White, 

Instruments, — Reed  (ieorgc  \Voods,    . 

—  Reeds,  . 


Nut  Cracker, 

Oils  obtained  from  Coal, 

, —  Condensing  Coal 

, — Distilling  Coal 

, — Re-distillation  of  Coal 
,  &c., — Furnace  for  Coal 


Ordnance, — Breech-loading 


Ores, — Machines  for  Crushing 

Ovens, 

Ox  Shoes, 

—  Yoke  Fastenings,         . 

Paint, — Machines  for  Mixing 
Paper, —  Preparation  of     . 
Bag  Machine, 


-  File, 


,— Safety       . 

— —  Stull*— Boilers  for 
Peach  Parer, 
Pegging-machine  Jack, 
Pessaries, 
Piano-fortes, 
Piano-forte  Action, 


J.  C.  Briggs, 

S.  J.  Smith,  . 

liUther  At  wood,  . 

J.  F.  Bennett, 
H.  W.  Adams, 
Luther  Atwood,  . 
.Tames  Calkin  and  others, 
Wm.  W.Hubbell,       . 


Wm.  P.  Parrott, 
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American  Patents, 


PloviphB, 

,—  Clcvl8  for 

, —  Cullivatinpf     . 

, —  Mold-hoards  for 

, — Spade 

l*lou{;l»  Stocks, 

J'oiiitrrs, — Perforating  Rule  for 

J'ost   Hlltl, 

Potato  Diggers,  . 


Powder  Flasks, 
Preserve  Cans, 


Printers  Composing  Stick, 
Printers, — Roller  Boxes  for 
Printers  Rule, — Tool  for  Miter'g 
Printing  Addresses  on  Papers, 
Prisons, — Window  Grating  for 
Presses, — Power 


Propellers, — Applying  Steam  to 
Prunes, — Curing   . 
Pumps,  . 


Quartz, — Machinery  for  Crush'g 

Raft, — Life-saving 
Railroads, — Rails  for  Street 
Railroad  Cars, — City 

. , — Journals  for 

, — Propelling 

, — Ventilator  for 


Chairs, 
Jacks, 


Ranges, — Cooking 

,  &c., — Water-backs  for 

Ratan  Machine, 
Keels,— Silk  or  Thread 
Rice  Hullers, 

and  Clover  Hullers, 

Rifle  Canes, 
Rocking  Chair, 

— — into  a  Cradle, 

Rotary  Engines,     . 
Ruffles,— Manufacture  of 

Saccharine  Juices, — Evaporat'g 

Salt, — Manufacture  of  Common 
Sash-fastener, 


Sausage  Filler, 
. Machine, 


Saw-set,  • 

Saw  Teeth, — Machine  for  Cut'g 


Rhodes  Si  Skaggs, 

C.  I.  Shiver, 
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American  Patents. 


BtOVCB, 


-Cooking 


Stovo  (iriitrs, 

Sii^ar, —  Muchinr  lor  Dryiricf 

, —  Appa's  lor  (^'iilV  I^oaf 

Juices, — Evai)oraliiig 

Hvvilt, 

Syringes, — Enema 

Table  Fork, 
Telegraphic  Machines, 

Instruments, 

'JMireshing  Machines, 
Tire, — (Pooling  anJ  Setting 

, —  Shortening 

, — Slirinking 

Tobacco  Presses, 

'I'oy  ('annons. 

Troughs, — Making  Rain, 

Trunk  Lock, 

Tube  Joints, — Making 

Twoer, 

Type, — Machine  for  Setting 

Valve  Cocks, 
Vapor  Burners, 
Vegetable  Slicer,    . 
Veneers, — Mosaic 
Vise,  • 

Voltaic  Gas  Batteries, 

Wagon  Shaft  Shackle, 
Walls, — Construe,  of  Concrete 
Washing  Machine,  . 


Water  Elevator, 

from  Wells, — Elevating 

■  Heating  Appa's — Valve 
Wheels,     . 


Window  Sashes, — Hanging 
Windlasses,  . 

Wind-mills, 


Wood, — Machines  for  Bundling 

■ , — Preparing  &  Moulding 

Wool, — Removal  of  Burrs  from 

Wrench, 

Wrenches, — Rolling  Shanks  of 

Wringing  Clothes, 

Writing  Desk, 

Yards  to  Topmasts, — Attachm't 
, — Hanging  Topsail 
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A.  W.  J.  M;.son, 

Kin/.ler  <Sl  liosobrock, 
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Philander  Shaw, 
C.  L.  Harding, 
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Grand  Rapids, 

Mich. 
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N.  Y. 
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l*ri»tr;uMor, 
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MasH. 
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'i\'noiis  o«  JSjvikos, — Culling 
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^\  asLiiig  Mav'Inne, 

Chanty  Pendleton, 

Galena, 

111. 
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Bells, — Ii.iiip:ing; 

G.  W.  Hildrcth, 

liOckport, 

N.  Y. 

I 

IJoiiiu't  Fraiiu's, 

\V.  F.  Kidd, 

('iiy  of 
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15 

lJiirL;l:irs  Alarms, 

Wilson  &  Thomas,     . 

Frankfort, 
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22 

<,'orn  lluskors, 

I).  M.  MelVord,    . 

Jellersonville, 

Ind. 

15 

Curlaiii  Fixtures, 

Lewis  \\  hite. 

Hartford, 

C/or)n. 

22 

Gas, — Heating  or  Cooking  by 

W.  F.  Shaw, 

Boston, 

Mass. 

29 

H  arvcstors. 

C.  B.  Brinckerhoir,     . 

Batavia, 

IS'.  Y. 

22 

, — Grain  and  Grass 

C.  Aullinan  &  Co., 
Titus  &  Des  Granges, 

Cantoti, 
St.  Louis, 

Ohio, 
Mo. 

1 
I 
I 

Iron  Pavement, — Cellular 

Kettles, — Grinding  Cast  Iron 

C.  C.  Bradley,  Jr.,       . 

Syracuse, 

N.  Y. 

1 

Knitting  MacJiines, 

'J'ompkins  &  Johnson, 

Troy, 

(t 

15 

Kanges, — Cooking 

H.  H.  Stim|)son, 

Boston, 

Mass. 

1 

Steam  Boilers, — Prev.  Incrust.  of  H.  F.  &  L.  F.  Knodercr, 

Chillicolhe, 

Ohio, 

15 

•Stoves, — Coal 

C.  Eddy  &  J.  Shavor, 

Troy, 

IV.  Y. 

8 

Sugar, — Machine  for  Cut'g  Loaf  A.  «&  F.  Ijrown, 

City  of 

<< 

1 

Sugar  Mould  Carriages, 

C.  E.  Bertrand,  . 

Williamsburgh 

> 

29 

^V^^tor-I)^oof  Leather  Goods, 

Samuel  La  Forge, 

Cleveland, 

Ohio, 

15 

\\'hcel  Huhs, —  Casting  Boxes 

Thomas  Ellis  and  others. 
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Spoon  and  Fork  Handles, 

M.  Gibney, 

City  of 

N.  Y. 
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Stove, 

J.  Greer  &  R.  L  King, 

Dayton, 

Ohio, 
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Hubbell  &  Wood,       . 

Buffalo, 

N.  Y. 
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Stoves,                                   . 

Jacob  Resor, 

Cincinnati, 

Ohio, 
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Stove  Plate, 

J.  Siddons  &  J.  C.  Hart, 

Rochester, 

N.  Y. 

15 

Stoves, — Parlor                  . 

Wni.  W.  Stevens, 

Portland, 

Maine, 

15 

FRANKLIN  INSTITUTE. 


The  Committee  on  Science  and  the  Arts  constituted  by  the  Franklin  Institute  of  the 
State  of  Pennsylvania,  for  the  promotion  of  the  Mechanic  Arts,  to  whom  was  referred 
for  examination — "A  method  of  Lighting  Gas  by  the  Electric  Spark  invented  by  Mr. 
Arch.  Wilson,  of  the  City  of  New  York," 

Report  : — That  the  apparatus  proposed  bj  Mr.  Wilson  for  this  pur- 
pose, consists,  first,  in  an  insulator  applied  to  every  burner  which  is 
to  be  lighted,  so  as  to  cut  off  all  electric  communication  between  the 
burner  and  the  gas-pipe;  secondly,  in  the  establishment  of  proper  elec- 
tric conductors  between  the  burners  thus  insulated ;  and  thirdly,  in 
bringing  the  ends  of  the  conducting  w^ire  into  communication  with  the 
poles  of  one  of  Ritchie's  Induction  Apparatus,  by  means  of  which  a 
spark  may  be  caused  to  pass  at  each  break  in  the  circuit. 

First ;  the  insulator  consists  at  present  of  a  piece  of  hard  india-rub- 
ber screwed  on  to  the  top  of  the  gas-pipe,  into  the  upper  end  of  which 
the  burner  in  its  turn  is  screwed.  Over  this  insulator  is  slipped  a  loop 
of  copper  wire,  one  end  of  which  is  turned  upwards  and  bent  so  as  to 
present  its  end  immediately  over  the  opening  of  the  burner ;  the  loop 
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is  also  conncctod  M-itli  a  copper  wire  wliicli  passes  to  the  next  preced- 
ing burner.  It  will  be  seen  tliat  when  ibis  arran;^'ement  is  completed, 
if  an  electric  current  be  passed  over  the  wire  sulliciently  powerful  to 
overcome  tbc  resistances  at  the  breaks,  a  spark  will  j)ass  from  the  end 
of  each  Avire,  tln'on^jb  the  air  above  the  opening,  to  the  burner,  and 
from  the  first  burner  will  pass  to  the  next,  and  so  in  succession  gene- 
rating a  spark  at  each  opening  of  the  circuit.  But  to  effect  this,  very 
considerable  tension  will  be  required  in  the  current. 

Secondly  ;  the  wires  are  arranged  in  such  order,  passing  from  the 
llitchie  to  the  wire  above  the  first  burner;  then  from  this  burner  to 
the  wire  above  the  second,  &c.;  that  (including  the  spark  passage  across 
the  air  from  the  wires  to  burners)  there  is  a  single  electric  communi- 
cation made  by  bringing  the  first  and  last  wires  into  communication 
with  the  poles  of  the  llitchie  coil ;  and  thus  the  conditions  of  the  last 
paragraph  are  fulfilled,  provided  the  coil  be  sufficiently  powerful. 

Thirdly  ;  Ritchie's  Induction  Apparatus  (or,  as  the  maker  calls  it, 
Ritchie's  Rhumkorff 's  Induction  Apparatus)  is  an  apparatus  in  which, 
by  very  ingenious  arrangements  which  this  is  not  the  proper  place  to 
describe,  a  very  long  and  powerful  spark  is  obtained  from  the  second- 
ary or  induction  current  from  a  battery  which  may  be  of  few  cups  and 
of  small  dimensions.  The  apparatus  wdth  Avhich  Mr.  Wilson  experi- 
mented before  the  Institute,  is  capable  of  giving  a  spark  of  11  inches  in 
length  in  the  air.  And  as  the  resistance  to  the  passage  of  the  spark 
seems  to  be  in  the  inverse  ratio  of  the  square  of  the  distance ;  this 
powder  ought  to  be  able  to  pass  across  more  than  seven  thousand  open- 
ings of  J-inch  each. 

After  thus  briefly  explaining  the  mode  of  lighting  proposed  by  Mr- 
Wilson,  and  referring  those  particularly  interested  to  the  more  full 
explanations  given  by  Mr,  W.  in  his  remarks  before  the  Institute  at 
the  meeting  in  March  (see  Jour,  Frank.  Inst.,  vol.  xxxix,  p.  885), 
let  us  inquire  into  its  novelty  and  its  probable  utility.  Any  student 
of  electric  science  or  practice  will  have  at  once  suggested  to  his  mind 
two  modes  in  which  this  force  may  be  used  to  ignite  a  current  of  gas 
at  a  distance  :  the  first,  by  means  of  the  heating  power  of  the  current 
■while  passing  through  an  insufficient  metallic  conductor  ;  under  which 
circumstances  the  conductor  becomes  red,  or  even  white  hot ;  the 
other  by  means  of  the  spark,  which  is  in  efi"ect  a  small  portion  of  mat- 
ter intensely  heated  for  a  single  moment.  Now  in  order  to  meet  the 
exigencies  of  practice,  the  mode  of  lighting,  as  Mr.  Wilson  very  pro- 
perly remarks,  must  be  "  simple,  easy  to  adjust,  efficient,  reliable,  and 
economical."  Let  us  inquire  how  far  these  properties  are  possessed 
by  each  of  the  suggested  modes. 

And  first  as  to  the  efficiency.  The  mode  of  lighting,  by  heating  por- 
tions of  a  continuous  conductor,  depends  upon  the  creation  of  a  resist- 
ance to  the  passage  of  the  current,  by  which  resistance  the  heat  is 
developed.  In  proportion,  then,  as  you  increase  the  number  of  your 
resistances  you  must  increase  the  power  of  your  battery — and  as  each 
retardation  diminishes  the  amount  of  the  current ;  if  it  happen  that 
the  second,  or  any  succeeding  wire  is  more  capable  of  passing  the  cur- 
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rent  tlian  the  first,  tins  ^vire  will  not  heat.  AVlicn,  then,  an  attempt  is 
[iKulo  to  ignite  a  iminher  of  ;:as-jct.s  by  iinc  platinum  wires  Htretched 
ibi»\e  them,  and  eomiminicatiii;:  hv  means  of  a  lai'^er  eondiictor,  care 
aiust  he  taken  that  the  first  be  not  either  finer  or  longer  than  any  of  the 
athi'i-s,  otiierwise  those  whieh  arc  coarser  or  shorter  than  the  first  will 
not  produce  their  eftVet.  Again,  great  care  must  be  taken  to  insure  an 
[H|iialiiy  in  the  ijuantity  of  the  current  passed;  for  when  the  wires  have 
been  adjusted  to  a  certain  quantity,  a  less  (juantity  will  not  heat  them  ; 
a  greater  quantity  will  be  liable  to  fuse  them.  Again,  care  must  be 
taken  that  the  wires  are  stretched  immediately  over  the  opening  of  the 
burners;  a  slight  variation  to  the  right  or  left  will  entirely  prevent  the 
lighting.  ^Vhen  all  tlicse  precautions  are  taken,  a  strong  breeze  of 
air,  or  even  perhaps  the  current  of  gas  issuing  under  a  heavy  pressure 
will  coul  the  wires  too  rapidly  to  prevent  the  lighting.  And  it  must 
be  remembered  that  a  low  red  heat  is  not  sufficient  to  ignite  a  mixture 
Df  lii:litino:-2:as  and  air. 

In  reference  to  reliability  ;  the  wires  are  apt  to  fuse  and  thus  break 
the  connexion  ;  to  expand  irregularly  by  the  heat  and  thus  be  bent  away 
from  the  opening  of  the  burner  ;  to  incrust  with  soot,  or  dust,  or  damp, 
and  thus  prevent  their  ignition.  They  are  simple  but  not  easy  to  ad- 
just or  to  keep  in  adjustment ;  and  as  to  economy,  require  a  much  larger 
battery,  and  therefore  more  consumption  of  zinc  and  acid  than  the 
present  plan. 

But,  in  fact,  from  the  operation  of  the  causes  we  have  pointed  out 
under  the  heads  of  efficiencv  and  reliability,  this  mode  has  alwavs 
failed  in  practice,  and  we  are  obliged  to  have  recourse  to  the  spark,  if 
we  can  succeed  at  all. 

The  great  objection  which  has  hicherto  prevented  the  spark  from 
being  practically  applicable  to  lighting  gas,  has  been  the  difl5culty  of 
procuring  and  confining  a  current  of  sufficient  intensity  to  overcome 
any  great  number  of  interruptions,  and  thus  to  produce  the  required 
number  of  sparks.  The  galvanic  battery  was  not  available,  for  the 
spark  produced  directly,  is  small  and  feeble ;  the  electric  machine  is 
fragile,  uncertain,  difficult  to  keep  in  order,  dependent  on  the  weather, 
and  laborious  to  work  with.  So  that  although  propositions  to  light 
by  spark  are  quite  numerous  both  in  England  and  France,  yet  in  prac- 
tice the  method  had  never  succeeded  on  trial,  especially  in  a  perma- 
nent manner. 

Now  the  only  practical  method  known  to  us  of  obtaining  surely,  effi- 
ciently, and  easily,  sparks  sufficient  for  this  purpose,  is  by  the  Induc- 
tion coil,  and  we  do  not  think  we  advance  too  far  when  we  say  by  Rit- 
chie's modification  of  this  instrument;  by  which  a  spark  of  11  or  15 
inches  can  be  produced,  while  heretofore  they  have  never  exceeded  3 
inches. 

The  experiments  made  before  the  Committee  and  before  the  Insti- 
tute by  Mr.  "Wilson,  as  well  as  those  which  have  been  in  operation  for 
a  year  in  Xew  York  on  a  practical  scale,  appear  to  demonstrate  that 
this  mode  of  lighting  is  efficient  inasmuch  as  it  is  able  to  light  many 
hundred  burners  at  any  distance  within  the  limits  of  our  largest  rooms, 
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and  probably  even  in  our  streets ;  tliat  it  is  reliable,  inasmucli  as  it  i 
not  liable  to  ^et  out  of  order,  or  to  deteriorate  (provided  the  wires  froii 
•which  the  sparks  arc  taken  arc  made  of  platina  or  some  other  refracting 
metal) ;  that  it  is  easy  to  adjust,  re(|uires  no  re-adjustment,  unless  by  ac 
cident,  when  the  damaged  locality  is  easily  detected  and  easily  repair 
cd  ;  that  it  is  simple,  re<iiiiriTig  no  knowled;rc  for  its  management,  excep 
for  the  fdling  the  cells  of  the  battery  (which  need  not  exceed  threi 
cups)  with  the  acid,  an  operation  probably  not  required  more  than  one 
a  month  if  the  apparatus  is  used  several  times  every  night ;  and  it  i 
economical,  both  because  of  the  small  quantities  of  material  consume( 
by  the  small  battery  rccjuired,  and  from  the  instantaneous  action,  savinj 
a  large  quantity  of  gas  which  is  now  suflfered  to  run  to  waste  while  th 
burners  are  lighted  successively.  The  spark  can  also  be  repeated  in 
definitely  and  rapidly  so  as  to  light  on  a  second  or  subsequent  tria 
any  burners  which  may  have  escaped  the  first  attempt. 

For  these  reasons,  and  on  account  of  the  experiments  made  in  thei 
presence,  as  well  as  of  those  tried  elsewhere,  the  Committee  repor 
that  in  their  opinion  there  is  every  reason  to  believe  that  Mr.  Wilson' 
Electric  Gas-lighter  will  be  successful  in  practice ;  and  that  it  is  we] 
worthy  of  trial  on  a  large  scale. 

By  order  of  the  Committee, 

Wm.  Hamilton,  Actuary, 

Philadelphia,  Juue  14th,  1S60. 
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Elements  of  Chemical  Physics.  By  JosiAH  P.  Cook,  Jr.,  Erving  Pre 
fessor  of  Chemistry  and  Mineralogy  in  Harvard  University.  Boston 
Little,  Brown  k  Co.,  1860,  8vo. 

This  work  is  intended  especially  to  furnish  to  the  student  of  chemis 
try  a  knowledge  of  such  of  the  theories  and  facts  in  physics  as  ari 
likely  to  be  of  importance  to  him  in  the  pursuit  of  his  investigations 
and  is  designed  to  be  the  first  volume  of  an  extended  work  on  th^ 
philosophy  of  chemistr3^  Of  course,  the  work  can  hardly  be  fairb 
judged  of  until  it  is  complete.  The  volume  before  us  has  the  meri 
of  being  well  brought  up  to  the  present  state  of  knowledge  upon  th( 
subject,  but  contains  only  the  treatise  on  general  properties  of  matte 
and  that  on  heat,  both  of  which  are  limited  in  accordance  with  th^ 
avowed  purpose  of  the  author.  We  fear,  therefore,  that  if  the  worl 
be  completed  on  the  same  scale,  it  will  be  of  unwieldy  bulk,  and  scarcek 
so  well  adapted  to  the  purposes  of  the  chemist  as  the  more  terse  worl 
of  Peschel,  and  others  of  his  class.  As  a  text-book  of  physics  it  cai 
hardly  be  made  available  in  any  course  of  instruction  fitted  to  the  de 
mands  of  the  present  day  owing  to  the  want  of  all  mathematical  treat 
ment  of  the  subjects.  The  definitions,  too,  are  not  so  precise  as  the;; 
ought  to  be  in  Science,  and  an  apparent  haste  of  w^riting  has  sometime; 
led  the  author  into  errors  of  statement,  which  in  a  future  edition  shouh 
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)0  carefully  corrected :  thus,  for  instance,  on  \n\gii  57,  ho  iifTirms  the 
HMitro  t)f  irravitv  of  the  (>;irth  to  be  a  variable  point  near  the  centre 
)f  the  ^h)be.  The  work,  liowever,  is  one  of  good  promise,  achnirably 
)rinted  and  illustrated,  (tliough  it  would  have  been  better  to  have 
jhnnged  the  French  lei^ends  of  tlie  wood-cnts,)  and  the  :ip|)endix  con- 
ains  a  very  valuable  set  of  tables;  one  of  which  is  a  tabh'  of  loga- 
'itlinis,  which,  if  we  nnderstand  the  preface  aright,  has  been  calculated 
)y  Capt.  Chas.  Henry  Davis.  F. 


METEOROLOGY. 


For  the  Journftl  of  the  Franklin  Institute. 

The  Meteorology  of  Philadelphia.    By  James  A.  Kirkpatrick,  A.  M. 

June. — The  month  commenced  with  indications  of  a  coming  storm. 
Che  barometric  column  began  to  fall  on  the  2(1,  and  continued  to  fall 
mtil  the  afternoon  of  the  5th,  w'hen  it  reached  the  minimum  for  the 
nonth,  reading  at  2  P.  M.  of  that  day  29-243  inches.  It  then  rose, 
lowly  but  regularly,  until  the  14th,  when  it  again  began  to  fall.  This 
econd  wave  reached  its  minimum  on  the  20tli ;  after  which  it  rose  ra- 
)idly  until  the  morning  of  the  25th,  when  it  reached  30-123,  the  maxi- 
Qum  for  the  month,  and  again  gradually  declined  until  the  close.  The 
lewspapers  soon  brought  the  information  of  a  very  destructive  tor- 
lado,  commencing  about  Cedar  Rapids  in  Iowa,  on  the  evening  of 
5unday,  the  3d  of  the  month.  It  is  described  as  dividing  at  Cedar 
lapids  into  two  winds,  which  passed  very  rapidly  in  curved  lines  to 
^amanche,  w^hcre  they  united  and  crossed  the  river  into  Illinois,  strik- 
Qg  Albany  and  passing  on  to  Amboy.  The  distance  traversed  was 
bout  150  miles,  which  it  accomplished  in  about  two  hours.  Upwards 
f  200  lives  were  lost,  and  the  destruction  of  property  w^as  very  great. 

On  the  evening  of  the  same  day  a  few  drops  of  rain  fell  at  Pliila- 
elphia ;  but  on  the  next  day,  about  7  P.  M.,  a  heavy  rain  storm  com- 
menced, accompanied  with  thunder  and  lightning,  and  continued  with, 
ut  few  intermissions  until  the  morning  of  the  Gth.  During  this  pe- 
iod  of  two  days  and  a  half,  about  2\  inches  of  rain  fell. 

A  heavy  gale  is  also  mentioned  as  having  occurred  in  North  Caro- 
ina  on  the  morning  of  tlie  5th. 

It  is  impossible  with  the  limited  information  which  we  possess  to 
.etermine  whether  or  not  these  were  all  parts  of  the  same  storm. 

On  the  morning  of  the  8th,  a  hail-storm  continuing  about  fifteen 
ninutes,  passed  over  the  northern  part  of  the  city ;  in  the  vicinity  of 
irermantown  and  Manayunk  a  heavy  rain  fell  at  the  same  time,  while 
1  the  southern  part  of  the  city  there  were  but  a  few  drops. 

During  the  second  depression  of  the  barometer,  from  the  16th  to 
be  19th  of  the  month,  we  had  several  thunder-showers  at  Philadel- 
(hia ;  and  we  have  accounts  of  a  severe  hail-stormj  and  tornado  in 
jancaster  County,  Pa.,  on  the  19th.  Much  damage  was  done  to  pro- 
erty  by  the  wind,  and  the  hail  completely  destroyed  the  crops  along 
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its  route.  The  average  width  of  the  storm  did  not  exceed  three-quai 
tcrs  of  a  mile. 

The  mean  temperature  of  the  month  was  about  one  degree  highe 
than  that  of  June  of  last  year,  but  was  nearly  two  degrees  below  th 
average  of  the  month  for  the  last  nine  years.  The  coldest  day  w;i 
the  21st,  tlie  average  temperature  being  00°.  The  thermometer  wa 
lowest  on  the  morning  of  the  12th,  when  it  indicated  52°.  The  thei 
mometer  was  highest  on  the  afternoon  of  the  29th,  marking  93°;  bi 
the  30th  was  the  warmest  day  of  the  month,  its  average  temperatur 
being  85*3. 

Rain  fell  on  ten  days  of  the  month,  which  is  very  near  the  avcrag 
number  for  June.  The  amount  of  rain  which  fell  during  the  mont 
was  3'70(3  inches,  which  is  an  inch  and  a  half  less  than  that  Avliic 
fell  in  June  of  last  year,  but  not  more  than  half  an  inch  below  th 
average  for  June  for  nine  years. 

There  was  but  one  day  of  the  month  entirely  clear,  and  two  day 
on  which  the  sky  was  completely  covered  with  clouds  at  the  hours  c 
observation. 

The  force  of  vapor  and  relative  humidity  were  both  considerabl 
below  the  average  for  the  month,  as  may  be  seen  by  an  inspection  c 
the  following  table  of  comparisons. 

A  Comparison  of  some  of  the  Meteorological  Phenotnena  of  June,  1860,  ivith  thoi 
of  June,  1859,  and  of  the  same  month  for  nine  years,  at  Philadelphia. 


June,  1860. 

June,  1859. 

June,  9  year 

Thermometer. — Highest, 

93° 

96° 

98° 

"                  Lowest, 

52 

42 

42 

"                 Daily  oscillation. 

18-90 

18-90 

16-00 

"                  Mean  daily  range, 

4-20 

6-10 

4-60 

"                 Means  at  7  A.-M., 

67-70 

67-05 

69-25 

«                         "          2  P.  M., 

78-38 

76-76 

79-29 

«                        "         9  P.  M., 

69-05 

68-74 

72-07 

"                       "  for  the  month, 

71-71 

70-85 

73-54 

Barometer. — Highest, 

30123  in. 

30-152  in. 

30-281  ii 

"            Lowest, 

29-243 

29-520 

29-182 

"            Mean  daily  range, 

•088 

•116 

•096 

"            Means  at  7  A.  M., 

29757 

29-881 

29825 

«                    "        2  P.  M.,     . 

29-719 

29-842 

29-791 

«                    «        9  P.  M., 

29-745 

29-859 

29  803 

"                    "  for  the  month, 

29-740 

29-861 

29-806 

Force  of  Vapor — Means  at  7  A.  M. 

•467  in. 

•501  in. 

•527  ir 

"             "                 "       2  P.  M.  . 

•464 

•541 

-550 

"             "                 ♦*       9  P.  M. 

•480 

•512 

•563 

Relative  Humidity  at  7  A.  M. 

63  per  ct. 

72  per  ct. 

73  per  c 

2  P.  M.       • 

48 

57 

55 

«               9  P.  M. 

67 

73 

70 

Rain,  amount  in  inches, 

3-706 

5-229 

4-360 

Number  of  days  on  which  rain  fell,  . 

10 

12 

11 

Prevailing  winds,               ... 

N.67°23'w-236 

s.7l°2'w.^393 

s.75°40'w25 
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Angular   Troughs  or  Pipes,  and  Angular  Bottoms  to  Drains.^  Bj 

C.  H.  G.  TnosT. 

Dissatisfied  with  the  means  of  conveying  the  lead-ore  from  the  mines 
to  the  stamping  mills  at  Tyndrum  Mines,  I  was  led  to  devote  my  at- 
tention to  the  possibility  of  taking  advantage  of  the  moving  power  of 
jV'ater  in  close  drains  or  pipes. 

For  this  purpose  a  square  pipe  or  trough  was  laid  down  from  the 
?ntrance  of  the  mine  to  the  low  grounds,  a  distance  of  1200  feet,  and 
laving  an  inclination  varying  from  13  to  20  degrees.  But  though  the 
ivater  rushed  through  this  pipe  with  great  velocity,  it  failed  to  carry 
;he  fragments  of  ore  along  with  it ;  these  choked  up  the  very  mouth 
)f  the  pipe.  Having,  therefore,  failed  in  carrying  out  the  idea  in  the 
;quare  tube,  numerous  experiments  were  tried  as  to  whether  altering 
;he  form  of  the  pipe  would  enable  the  object  to  be  effected.  The  re- 
sults showed  such  a  superiority  of  the  angular  over  the  flat,  curved,  or 
)ther  forms  of  bottom,  that  it  was  determined  to  try  the  experiment 
)nce  more  on  the  large  scale  with  a  tube  of  that  form.  The  square 
)0x  or  pipe  which  had  been  laid  down  from  the  entrance  of  the  mine 

0  the  low  grounds  was,  therefore,  as  a  preliminary  turned  on  its  edge, 
!0  that  its  bottom,  instead  of  being  flat,  represented  an  angular  chan- 
lel,  each  side  of  which  was  inclined  at  an  angle  of  45°. 

The  lead  ore,  broken  to  the  size  of  ordinary  road  metal,  was  fed  by 

1  hopper  into  the  top  of  the  tube  ;  a  moderate  stream  of  water  was  ad- 
nitted  along  with  it,  and  the  whole  ore  was  passed  through  the  tube 

*  From  the  London  Civ.  Eng.  and  Arch.  Jour.,  March,  16C0. 
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■vvitli  nn  astonishing  rapidity,  and  was  delivered  at  the  bottom,  no  cliok- 
ing  taking  place  ut  all.  Further  experiments  were  made  to  ascertain  the 
best  angle  at  whieh  the  two  sides  of  the  base  should  meet,  and  it  -was 
found  that  a  right  angle  answered  all  the  purposes  better  than  any 
other.  With  such  an  angle  a  smaller  quantity  of  water  was  required 
to  move  the  pieces  of  ore  in  the  tubes  ;  and  the  smallest  gravel  also, 
or  even  the  powder  of  the  ore,  could  be  most  effectually  sent  down. 

The  whole  arrjingements  and  general  working  of  the  mine  were  there- 
fore modified  so  as  to  permit  of  this  new  mode  of  moving  the  ore  being 
adopted  ;  and  now,  not  only  is  the  whole  ore  conveyed  by  this  means, 
but  also  all  the  residuaiy  masses  of  quartz  and  other  minerals  which 
arc  cleaned  from  the  lead  ores  previous  to  their  transmission,  are  ail  got 
rid  of  by  the  same  means,  and  deposited  with  little  labor  or  expense 
in  any  desired  locality. 

To  permit  of  the  great  w^ooden  trough  or  pipe  which  conveys  the 
ore  from  the  mines  to  the  low  grounds  being  easily  inspected  and  re- 
paired, it  is  now  made  of  the  figure  represented  by 
the  accompanying  wood-cut,  being  in  fact  just  the 
square  box  set  on  one  of  its  angles,  and  having  the 
npper  angle  sawn  off.  A  movable  cover  is  fixed 
securely  down  by  means  of  cross  bands  of  hoop 
iron,  the  ends  of  these  bands  being  secured  by  means 
of  iron  pins,  so  that  any  part  of  the  trough  can  be 
readily  opened  for  repairs.  The  low^er  angle  of  the  pipe  is  lined  with 
hoop  iron,  as  without  this  protection  it  was  found  that  the  angular  frag- 
ments rapidly  wore  away  the  wooden  sides.  When  thus  protected, 
the  friction  against  the  sides  seems  to  be  much  less  than  might  have 
been  anticipated. 

Let  us  now  consider  the'  conditions  under  which  the  action  of  the 
water  in  moving  these  masses  of  ore  down  such  a  tube  takes  place. 
The  resisting  power  or  stability  of  a  block  of  ore  is  diminished  by  the 
inclination  of  the  tube  and  by  the  buoying-up  power  of  the  water ;  and 
the  effectiveness  of  the  action  of  the  stream  against  the  block  is  se- 
cured by  the  latter  not  being  able  to  assume  any  firm  position  in  the 
channel  where  it  could  escape  that  action.  The  inclined  direction  of 
the  flat  parts  of  the  tube  can  offer  no  such  hold  to  the  block  as  it  could 
obtain  in  the  case  of  a  flat  bottomed  channel.  In  the  experiments  with 
the  flat  bottomed  tube,  when  the  fragment  fell  on  its  flat  side,  there 
it  stuck ;  but  in  the  angular  tube,  from  only  touching  the  sides  by 
one  or  more  corners,  it  was  in  a  position  to  be  easily  acted  upon  by  the 
current. 

The  cost  of  this  mode  of  conveyance  may  now  be  stated.  The  origi- 
nal cost  of  the  angular  wooden  trough  at  Tyndrum,  1200  feet  long, 
including  all  fittings,  and  lining  the  lower  angle  with  hoop  iron,  was 
XTO.  This  trough  has  been  many  years  in  use,  and  is  still  quite  good  ; 
but  the  annual  repairs,  chiefly  consisting  of  the  renewal  of  the  hoop 
iron  lining,  amount  to  £11  or  thereabout.  This  trough  conveys  yearly 
to  the  low  grounds  from  1100  to  1200  tons  of  ore.  The  ore  is  supplied 
to  the  pipe  through  the  mouth  of  a  hopper ;  the  person  attending  to 


On  Anpuhtr  Troughs  or  PipeSy  ^'c.  147 

tlii3  is  nble,  for  the  wa<T;os  of  one  sliilling,  to  get  40  tons  down.  This 
inoile  of  conveyance  is  therefore  tl»e  very  cheapest  yet  tried,  and  as 
tlie  same  means  are  now  aj)j)lied  to  tljo  removal  of  all  the  dthris  from 
the  mines,  the  savini;  of  exj)ense  is  very  considerable.  The  like  sys- 
tem is  now  employed  in  the  various  processes  of  dressing  and  washing 
the  ores,  the  troughs  in  these  cases  being  open,  and  many  of  them  are 
nearly  level. 

I  wish  to  direct  attention  to  the  application  of  the  angular  form  of 
bottom  to  ordinary  drains  and  sewers.  It  is  well  known  that  the  great 
object  in  giving  a  particular  form  to  drains  or  sewers  is  to  j)revent 
the  deposit  and  lodging  of  mud  or  sediment  of  any  kind  in  them.  Flat 
bottomed  drains  were  found  to  silt  up  so  soon  that  they  have  been  gene- 
rally abandoned  ;  and  as  it  was  seen  that  circular  pipes  did  not  so 
easily  become  obstructed,  some  approach  to  the  round  form  has  been 
usually  given,  thereby  incurring  considerable  expense.  Kow  though 
sediment  of  any  kind  is  much  less  liable  to  collect  in  these  curved 
bottom  drains,  yet  they  are  inferior  in  this  respect  to  the  drain  with 
an  angular  bottom,  as  has  been  fully  brought  out  during  the  nuuierous 
trials  i  had  to  make  at  Tyndrum  before  hitting  on  the  angular  form. 
And  as  I  there  found  that  even  the  finest  powder  of  lead  ore  (which 
is  many  times  heavier  than  ordinary  mud  or  sand)  was  removed  from 
these  angular  pipes  even  when  at  the  most  moderate  inclinations,  I  am 
inclined  to  believe  that  the  general  adoption  of  the  angular  bottom  for 
all  kinds  of  drains  Avould  be  a  great  improvement.  In  this  form  of 
bottom,  however  small  the  flow  of  water  may  be,  it  always  runs  at  that 
part  where  the  sediment  can  alone  settle ;  and  on  the  occurrence  of 
any  greater  flow  of  water,  either  from  heavy  rains  or  occasional  flush- 
ings, every  particle  of  solid  matter  "would  be  carried  out  of  the  drain. 

The  adoption,  then,  of  the  angular  bottom  would  not  only  appear  to 
form  a  more  perfect  sewer  than  those  at  present  in  use,  but  from  the 
cheaper  character  of  the  bottom  a  considerable  saving  in  the  original 
outlay  would  thereby  be  effected.  The  bottom  angle  might  be  con- 
structed with  brick  in  good  cement,  or  be  lined  with  hard  flat  stones; 
but  the  important  point  to  be  attended  to  is  to  make  the  junction  at  the 
angle  perfectly  secure. 


On  the  Illumination  of  Light-houses — The  Electi'ic  Light."^  By  M. 
Faraday,  D.  C.  L.,  F.  R.  JS.,  Fullerian  Professor  of  Chemistry,  ILL, 
Foreign  Associate  of  the  Academy  of  Sciences,  Paris,  kc. 

There  is  no  part  of  my  life  which  more  than  my  connexion  with  the 
Trinity  House  gives  me  delight.  The  occupation  of  nations  joined  to- 
gether to  guide  the  mariner  over  the  sea,  to  all  a  point  of  great  interest, 
is  infinitely  more  so  to  those  who  are  concerned  in  the  operations  which 
they  carry  into  eff"ect,  and  it  certainly  has  astonished  me  since  I  have 
been  connected  with  the  Trinity  House  to  see  how  beautifully  and  how 
wonderfully  shines  forth  amongst  nations  at  large  the  desire  to  do  good ; 
and  you  will  not  regret  having  come  here  to-night,  if  you  follow  me 
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in  the  various  attempts  Avlii(;]i  liave  been  rnaile  to  carry  out  the  great 
object  of  guiding  in  safety  ;ill  people  across  the  dark  and  dreary  waste 
of  waters.  It  is  wonderful  to  think  how  eagerly  efforts  at  improvement 
are  made  by  the  various  public  bodies — the  Trinity  House  in  this  coun- 
try, and  commissions  in  Fi-ance  and  other  nations  ;  and  whilst  the  im- 
provements progress  we  come  to  the  knowledge  of  such  curious  diffi- 
culties and  such  odd  modes  of  getting  over  those  difficulties  as  are  not 
easy  to  be  conceived.  I  must  ask  you  this  evening  to  follow  me  from 
the  simplest  possible  method  of  giving  a  sign  by  means  of  a  light  to 
persons  at  a  distance,  to  the  modes  at  which  we  have  arrived  in  the 
present  day;  and  to  consider  the  difficulties  which  arise  when  carrying 
out  these  improvements  to  a  practical  result,  and  the  extraordinary 
care  which  those  who  have  to  judge  on  these  points  must  take  in  order 
to  guard  against  the  too  hasty  adoption  of  some  fancied  improvement, 
thus,  as  has  happened  in  some  few  cases,  doing  harm  instead  of  good. 
If  I  try  to  make  you  understand  these  things  partly  by  old  models, 
and  partly  by  those  which  we  have  here,  it  is  only  that  I  may  the  better 
be  enabled  to  illustrate  that  which  I  look  forward  to  as  the  higher  mode 
of  lighting,  by  means  of  the  electric  lamp  and  the  lime  light. 

There  is  nothing  more  simple  than  a  candle  being  set  down  in  a  cot- 
tage window  to  guide  a  husband  to  his  home,  but  when  we  want  to  make 
a  similar  guide  on  a  large  scale,  not  merely  over  a  river  or  over  a  moor, 

but  over  large  expanses  of  sea, 
how  can  we  then  make  the  signal 
using  only  a  candle  ?  I  have  shown 
in  this  diagram  (Fig.  1)  what  we 
may  imagine  to  be  the  rays  of  a 
candle  or  any  other  source  of  light 
emanating  from  the  centre  of  a 
sphere  in  all  directions  round  to 
infinite  distances.  After  this  sim- 
ple kind  of  light  bad  been  used 
for  some  time,  it  being  found  to  be 
liable  to  be  obscured  by  fogs,  or 
distance,  or  other  circumstance, 
there  arose  the  attempt  to  make  larger  lights  by  means  of  fires ;  and 
after  that  there  was  introduced  a  very  important  refinement  in  the  mode 
of  dealing  with  the  light,  namely,  the  principle  of  reflection  ; — for  un- 
derstand this  (which  is  not  known  by  all,  and  not  known  by  many  who 
should  know  it),  that  when  we  take  a  source  of  light,  a  single  candle,  for 
instance,  giving  off  any  quantity  of  light,  we  can  by  no  means  increase 
that  light ;  we  can  make  arrangements  around  and  about  the  light,  as 
you  see  here,  but  we  can  by  no  means  increase  the  quantity  of  light. 
The  utmost  I  can  do  is  to  direct  the  light  which  the  lamp  gives  me  by 
taking  a  certain  portion  of  the  rays  going  off  on  one  side  and  reflecting 
them  on  to  the  course  of  the  rays  which  issue  in  the  opposite  direction. 
First  of  all,  let  us  consider  how  we  may  gather  in  the  rays  of  light 
which  pass  off  from  this  candle.  You  will  easily  see  that  if  I  could 
take  the  half  rays  on  the  one  side  and  could  send  them  by  any  con- 
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trivancc  over  to  tlio  other  side,  I  should  pain  an  advantage  in  lif^ht  on 
the  side  to  Avhicli  I  directed  them.  This  is  eft'ectcd  in  a  beautiful  nian- 
ler  by  tlie  parabolic  mirror,  by  moans  of  which  I  ^:;atber  all  tliat  por- 
:ion  of  the  rays  which  arc  included  in  it;  upwards,  downwards,  sidc- 
kvays,  any  where  within  its  sphere  of  action  ;  they  are  all  picked  u\) 
md  sent  forward.  You  thus  see  what  a  beautiful  and  important  in- 
dention is  that  of  the  jiarabolic  reflector  for  throwing  forward  the  rays 
}fli<:ht. 

Before  I  go  further  into  the  subject  of  reflection  let  me  point  out  a 
further  mode  of  dealing  with  the  direction  of  the  light.  For  instance, 
lere  is  a  candle,  and  I  can  employ  the  principle  of  refraction  to  bend 
md  direct  the  rays  of  light,  and  if  I  want  to  increase  the  light  in  any 
:)ne  direction  I  must  either  take  a  reflector  or  use  the  principle  of  re- 
fraction.   I  w  ill  place  this  lens  (Fig.  2)  in  front  of  the  candle  and  you 


rt'ill  easily  see  that  by  its  means  I  can  throw  on  to  that  sheet  of  paper 
I  great  light,  that  is  to  say,  that  instead  of  the  light  being  thrown  all 
ibout,  it  is  refracted  and  concentrated  on  to  that  paper ;  so  here  I 
lave  another  means  of  bending  the  light  and  sending  it  in  one  dircc- 
;ion ;  and  you  see  above  a  still  better  arrangement  for  the  same  pur- 
pose,— one  which  comes  up  to  the  maximum,  I  may  say,  of  the  ability 
)f  directing  light  by  this  means.  You  are  aware  that  w^ithout  that 
irrangement  of  glass  the  light  would  be  dispersed  in  all  directions,  but 
:he  lens  being  there,  all  the  light  which  passes  through  it  is  thrown 
nto  parallel  beams  and  cast  horizontally  along.  There  is  consequently 
10  loss  of  light,  the  beam  goes  forward  of  tlie  same  dimensions,  and 
•vill  consequently  continue  to  go  forward  for  5  or  10  miles,  or  so  long 
IS  the  imperfection  of  the  atmosphere  docs  not  absorb  it ;  and  see  I 
^Vhat  a  glorious  power  that  is,  to  be  able  to  convert  what  was  just  now 
larkness  on  that  paper  into  brilliant  light. 

Whenever  we  have  refraction  of  this  sort  we  arc  liable  to  an  evil 
consequent  upon  the  necessary  imperfections  in  the  form  of  the  lens  ; 
md  Dr.  Tyndall  will  take  this  lens,  and  will  show  you  even  in  this  small 
md  perfect  apparatus  what  is  the  evil  of  spherical  aberration  with 
;vhich  we  have  to  fight.  This  can  be  illustrated  by  means  of  the  elcc- 
:ric  lamp ;  if  you  look  at  the  screen,  you  will  see  produced,  by  means 
[)f  this  lens,  a  figure  of  the  coal  points.  This  image  is  produced  by 
the  rays  which  pass  through  the  middle  of  the  lens,  a  piece  of  card 
ivith  a  hole  in  the  centre  being  placed  in  front ;  but  if,  keeping  the 
rest  of  the  apparatus  in  the  same  position,  I  change  this  card  for  an- 
other piece  which  will  only  allow  the  rays  to  pass  through  the  edge  of 
:he  lens,  you  observe  how  inferior  the  image  will  be.  In  order  to  get 
t  distinct  I  have  to  bring  the  screen  much  nearer  the  lamp ;  and  so 
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if  I  take  the  card  away  altorrcthcr,  and  allow  the  light  to  pass  through 
all  parts  of  the  lens,  we  cannot  got  a  perfect  image,  because  the  dif- 
fcM-nit  juirls  of  the  Ions  are  not  ahle  to  act  togotlior.  Tliis  spherical 
aberration  is,  tlieroforo,  what  we  try  to  avoid  by  building  up  compound 
lenses  in  the  manner  here  shown  (Fig.  4).  Look  at  this  beautiful  ap- 
paratus, is  it  not  a  most  charming  piece  of  workmanship  ?  Buffbn  first 
and  Frosnol  afterwards,  built  up  those  kinds  of  lenses,  ring  within  ring, 
each  at  its  proi)cr  adjustment,  to  compensate  for  the  eflects  of  sphe- 
rical aberration  ;  the  ring  round  that  centre  lens  is  ground  so  as  to 
obviate  Avhat  would  otherwise  give  rise  to  spherical  aberration,  and 
the  next  ring  being  corrected  in  tlie  same  manner,  you  will  perceive, 
if  you  look  at  the  disc  of  light  tlirown  by  the  apparatus  up-stairs,  that 
there  is  nothing  like  the  amount  of  aberration  that  there  would  have 
been  if  it  had  been  one  great  bulls-eye.  Here  is  one  of  Fresncl's  lamps 
of  the  fourth  order  so  constructed  (Fig.  3) :  observe  the  fine  effect  ob- 
tained by  these  difierent  lenses  as 
you  see  them  revolve  before  you,  and 
understand  that  all  this  upper  part 
is  made  to  form  part  of  the  lens,  each 
prism  throwing  its  rays  to  increase 
the  effect,  and,  although  you  [may 
think  it  is  imperfect  because  if  you 
lappen  to  sit  below  or  above  the  ho- 
rizontal line,  you  perceive  but  little 
if  any  of  the  light,  yet  you  must  bear 
in  mind  that  we  want  the  rays  to  go 
_  in  a  straight  line  to  the  horizon.  So 
'^  that  all  that  building  up  of  rings  of 
glass  is  for  the  purpose  of  producing 
one  fine  and  glorious  lens  of  a  large 
size,  to  send  the  rays  all  in  one  di- 
rection. Here  is  another  apparatus 
used  to  pull  the  rays  down  to  a  horizontal  sheet  of  light,  so  that  the 
mariner  may  see  it  as  a  constant  and  uniform  fixed  light ;  the  former 
lamp  is  a  revolving  one,  and  the  light  is  seen  only  at  certain  times  as 
the  lenses  move  round,  and  these  are  the  points  which  make  them  val- 
uable in  their  application. 

There  are  various  orders  and  sizes  of  lights  in  light-houses  to  shine 
for  twenty  or  thirty  miles  over  the  sea,  and  to  give  indications  accord- 
ing to  the  purposes  for  which  they  are  required ;  but  suppose  we  want 
more  efi'ect  than  is  produced  by  these  means,  how  are  we  to  get  more 
light  ?  Here  comes  the  difficulty.  We  cannot  get  more  light,  because 
we  are  limited  by  the  condition  of  the  burner.  In  any  of  these  cases, 
if  the  spreading  of  the  ray,  or  divergence  as  it  is  called,  is  not  restrained, 
it  soon  fails  from  weakness,  and  if  it  does  not  diverge  at  all,  it  makes 
the  light  so  small  that  perhaps  one  in  a  hundred  can  see  it  at  the 
same  time.  The  North  Foreland  light-house  is,  I  think,  3  or  400  feet 
above  the  level  of  the  sea,  and  therefore  it  is  necessary  to  have  a  cer- 
tain divergence  of  the  beam  of  light  in  order  that  it  may  shine  along 
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the  soa  to  tlio  liorizon.  I  have  drawn  licre  two  wcd^e?,  one  lias  an 
angle  of  15°,  and  shows  you  the  manner  in  which  tlie  light  opens  out 
iV(»ni  tiiis  reflector  seen  at  the  distance  of  half  a  mile  or  more,  the  other 
■vv(m]«jc  has  an  angle  of  O"^,  which  is  the  heautiful  angle  of  Fresnel. 
A\  lien  the  angle  is  less  than  G'^,  the  mariner  is  not  (juite  sure  that  he 
^vill  sec  tlic  light — he  may  be  beneath  or  above  it;  and  in  practice  it 
is  found  that  we  cannot  have  a  larger  angle  than  15°,  or  a  less  one 
than  G°.  In  order,  therefore,  to  get  more  light,  we  must  have  more 
combustion,  more  cotton,  more  oil ;  but  already  there  are  in  that  lamp 
four  Avicks  put  in  concentric  rings,  one  within  the  other,  and  we  can- 
not increase  them  much  more,  owintr  to  the  divergence  which  would 
be  caused  by  an  increase  in  the  size  of  the  light — the  more  the  di- 
vergence, the  more  the  light  is  diffused  and  lost.  We  are,  therefore, 
restrained  by  the  condition  of  the  light  and  the  apparatus  to  a  cer- 
tain sized  lamp.  At  Teignmouth,  some  of  the  revolving  lights  have 
ten  lamps  and  reflectors,  all  throwing  their  light  forward  at  once.  But 
even  with  ten  lamps  and  reflectors  we  do  not  get  sufficient  light,  and 
we  want,  therefore,  a  means  of  getting  a  light  more  intense  than  a 
candle  in  the  space  of  a  candle — not  merely  an  accumulation  of  can- 
dle upon  candle,  but  a  concentration  into  the  space  of  a  candle,  of  a 
greater  amount  of  light,  and  it  is  here  that  the  electric  light  comes  to 
be  of  so  much  value. 

Let  me  now  show  you  what  are  the  properties  of  that  light  w])ich 
make  it  useful  for  lijxht-house  illumination,  and  which  has  been  brouixht 
to  a  practical  condition  by  the  energy  and  constancy  of  Prof.  Holmes. 
[  will  first  of  all  show  you  the  image  of  the  charcoal  points  on  the 
screen,  and  draw  your  attention  to  the  spot  where  the  light  is  pro- 
duced. There  are  the  coal  points.  The  two  carbons  are  brought  with- 
in a  certain  distance ;  the  electricity  is  being  urged  across  by  the  vol- 
taic battery,  and  the  coal  points  are  brought  into  an  intense  state  of 
ignition.  You  will  observe  that  the  light  is  essentially  given  by  the 
carbons ;  you  see  that  one  is  much  more  luminous  than  the  other,  and 
that  is  the  end  which  principally  form  the  spark,  the  other  does  not 
shine  so  much,  and  there  is  a  space  between  the  two,  which,  although 
not  very  luminous,  is  most  important  to  the  production  of  the  light. 
Dr.  Tyndall  will  help  me  in  showing  you  that  a  blast  of  wind  will 
blow  out  that  light ;  the  electric  light  can,  in  fact,  be  blown  out  easier 
than  a  candle.  We  have  the  power  of  getting  our  light  where  we 
please  ;  if  I  cause  the  electricity  to  pass  between  carbon  and  mercury 
I  get  a  most  intense  and  beautiful  light,  most  of  it  being  given  off"  from 
the  portion  of  the  mercury  between  the  liquid  and  the  solid  pole.  I 
can  show  you  that  the  light  is  sometimes  produced  by  the  vapor  be- 
tween the  two  poles,  better  if  I  take  silver  than  when  I  use  mercury. 
Here  is  the  carbon  pole,  there  is  the  silver,  and  there  is  the  beautiful 
green  light  which  comes  from  the  intervening  portions.  Now  that  light 
is  more  easily  blown  out  than  the  common  lamp,  the  slightest  puff*  of 
wind  being  sufficient  to  extinguish  it,  as  you  will  see  if  Dr.  Tyndall 
breathes  upon  it. 

You  see,  therefore,  how  we  are  able,  by  using  this  electric  spark,  to 
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get,  first  of  all,  the  li<rlit  into  a  very  small  space.  That  oil  lamp  has 
a  burner  3;J  inches  in  (li;un(?ter ;  compare  the  size  of  tlie  flame  with 
the  space  occupitnl  by  this  electric  li^^ht.  Next  compare  tlie  intensity 
of  this  ]i<^ht  with  any  other  ;  if  1  take  tins  candle  and  place  it  by  the 
side,  I  actually  seem  to  put  out  the  candle.  We  are  thus  able  to  get 
a  li<T;ht  which,  while  it  surpasses  all  others  in  brilliancy,  is  at  the  same 
time  not  too  lar2;e,  for  I  miij^ht  put  this  li^^ht  into  an  apparatus  not 
larger  than  a  hat,  and  yet  1  could  count  upon  the  rays  being  useful. 
Moreover,  when  such  large  burners  are  used  in  a  lantern,  we  have  to 
consider  whether  the  bars  of  the  window  do  not  interfere  to  throw  a 
shadow  or  otherwise;  but  with  this  light  there  will  be  no  difficulty  of 
that  sort,  as  a  single  small  speculum  no  larger  than  a  hat  will  send  it 
in  any  direction  we  please;  and  it  is  wonderful  what  advantages,  by 
reason  of  its  small  bulk,  we  have  in  the  consideration  of  the  different 
kinds  of  apparatus  required,  reflecting  or  refracting,  irrespective  of 
other  reasons  for  using  the  electric  light.  And  it  is  these  kind  of 
things  which  make  us  decide  most  earnestly  and  carefully  in  favor  of 
the  electric  light. 

I  am  going  to  show  you  the  effect  that  will  take  place  with  that  large 
lens  when  we  throw  the  oil  lamp  out  of  action,  and  put  the  electric  light 

Fis.  4. 


into  use.  It  is  astonishing  to  find  how  little  the  eye  can  compare  the 
relative  intensities  of  two  lights;  look  at  that  screen  and  try  to  recol- 
lect the  amount  of  light  thrown  upon  it  from  the  3f  inch  lamp  of  Fres- 
nel,  and  now,  when  we  shift  the  lens  sideways,  look  at  the  glorious  light 
arising  from  that  small  carbon  point  (Fig.  4);  see  how  beautifully  it 
shines  in  the  focus  of  that  lens  and  throws  the  rays  forward.  At  pre- 
sent the  electric  light  is  put  at  just  the  same  distance  as  the  oil  light, 
and  therefore,  being  in  the  focus  of  the  lens,  we  have  parallel  rays 
which  are  thrown  forward  in  a  perfectly  straight  line,  as  you  will  see 
by  comparing  the  size  of  the  lens  with  that  of  the  light  thrown  on  the 
screen.  You  will  now  see  how  far  we  can  effect  this  beam  of  light  by 
increasing  or  diminishing  the  distance  of  the  lamp.  We  are  able  by 
a  small  adjustment  to  get  a  beam  of  a  large  or  small  angle,  and  observe 
what  power  I  have  now  over  it;  for  if  I  want  to  increase  the  degrees 
of  divergence,  I  am  limited  by  the  power  of  light  in  the  case  of  the  oil 
lamp,  but  with  the  electric  light  I  can  make  it  spread  over  any  width  of 
the  horizon  by  this  simple  adjustment.  These  then  are  some  of  the  rea- 
sons which  make  it  desirable  to  employ  the  electric  light. 

By  means  of  a  magnet,  and  of  motion,  we  can  get  the  same  kind  of 
electricity  as  I  have  here  from  the  battery;  and  under  the  authority 


On  the  IlIuj7iinatioji  of  Lu/ht-Jiousrs. 


153 


►f  tlic  Trinity  House,  ProfeSvSor  Holmes  lias  been  occupied  in  intro- 
luoin<i  the  mn<:net()-electric  liijlit  in  tiie  li^rlitliouse  at  the  North  Fore- 
anil;  for  the  voltaic  hattery  lias  been  tried  under  every  conceivable 
■ircuinstance,  and  I  take  the  liberty  of  sayin<!;  it  has  hitherto  jM'oved 
k  decided  failure.  Here,  however,  is  an  instrument  wrou^i^ht  only  by 
iieehanieal  motion.  The  moment  >ve  ^zive  motion  to  this  soft  iron  in 
ront  of  the  ma«:net,  -we  <:et  a  spark.  It  is  true  in  this  apparatus  it  is 
cry  small,  but  it  is  sulVicient  for  you  to  jud«^e  of  its  character.  It  is 
be  magneto-eJeetric  liirht,  and  an  instrument  has  been  constructed  as 
lere  shown  (Fi<2^.  f)),  which  represents  a  number  of  mafi^nets  placed  ra- 
lially  upon  a  wheel — three  wheels  of  magnets  and  two  sets  of  helices. 

Fie  5. 


\Tien  the  machine,  which  is  worked  by  a  two  horse  power  engine,  is 
Toperly  set  in  motion,  and  the  different  currents  are  all  brought  to- 
;ether,  and  thrown  by  Professor  Holmes  up  into  the  lantern,  we  have 
.  light  equal  to  the  one  we  have  been  using  this  evening.  For  the 
ist  six  months  the  Xorth  Foreland  has  been  shining  by  means  of  this 
lectric  lio:ht — bevond  all  comparison  better  than  its  former  liG:ht.  It 
as  shone  into  France,  and  has  been  seen  there  and  taken  notice  of  by 
be  authorities,  who  work  with  beautiful  accord  with  us  in  all  these 
latters.  Xever  for  once  during  six  months  has  it  failed  in  doing  its 
uty; — never  once,  more  than  was  expected  by  the  inventor.  It  has 
hone  forth  with  its  own  peculiar  character,  and  this  even  with  the 
Id  apparatus — for  as  yet  no  attempt  has  been  made  to  construct  spe- 
ial  reflectors  or  refractors  for  it,  because  it  is  not  yet  established.  I 
rill  not  tell  you  that  the  problem  of  employing  the  magneto-electric 
park  for  light-house  illumination  is  quite  solved  yet,  although  I  desire 
t  should  be  established  most  earnestly  (for  I  regard  this  magnetic 
park  as  one  of  my  own  ofispring).  The  thing  is  not  yet  decidedly  ac- 
omplished,  and  what  the  considerations  of  expense  and  other  matters 
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may  be,  I  cannot  tell.  I  am  only  here  to  tell  you  as  a  pliilosoplier, 
how  f:ir  the  results  have  been  carried,  but  1  do  hope  that  the  authorities 
"vvill  iind  it  a  proper  thin;^  to  carry  out  in  full.  If  it  cannot  be  intro- 
duced at  all  the  li;_dit-li(>uses,  if"  it  can  only  be  used  at  one,  why  really 
it  will  be  an  honor  to  the  nation  which  can  originate  such  an  improve- 
ment as  this, — one  which  must  of  necessity  be  followed  by  other  nations. 

You  may  ask,  what  is  the  use  of  this  bri<^ht  light?  It  would  not 
be  useful  to  us  were  it  not  for  the  constant  chan^^es  which  are  taking 
])lace  in  the  atmosphere,  which  is  never  pure.  Even  when  we  can  see 
the  stars  clearly  on  a  biiixht  ni;,dit  it  is  not  a  pure  atmosphere.  The 
\v^\t  of  a  light-house,  more  than  any  other,  is  liable  to  be  dimmed  by 
vapors  and  fogs,  and  where  we  most  want  this  great  power,  is  not  in 
the  finest  condition  of  the  atmosphere,  but  when  the  mariner  is  in  dan- 
ger, when  the  sleet  and  rain  are  falling,  and  the  fogs  arise,  and  the 
•winds  are  blowing,  and  he  is  nearing  coasts  where  the  water  is  shal- 
low and  abounds  with  rocks — then  is  his  time  of  danger,  when  he  most 
•wants  this  light.  I  am  going  to  show  you  how,  by  means  of  a  little 
steam,  I  can  completely  obscure  this  glorious  sun,  this  electric  light 
■\\^hich  you  see.  The  cloud  now  obscuring  the  light  on  the  screen  is 
only  such  a  cloud  as  you  see  when  sitting  in  a  train  on  a  fine  summer's 
day;  you  may  observe  that  the  vapor,  passing  out  of  the  funnel,  casts 
as  deep  a  shadow  on  the  ground  as  the  black  funnel ;  the  very  sun  it- 
self is  extinguished  by  the  steam  from  the  funnel,  so  that  it  cannot 
give  any  light ;  and  the  sun  itself  if  set  in  the  light-house  would  not  be 
able  to  penetrate  such  a  vapor. 

Now^  the  haze  of  this  cloud  of  steam  is  just  what  we  have  to  over- 
come, and  the  electric  light  is  as  soon,  proportionally,  extinguished  by 
an  obstruction  of  this  kind  as  any  other  light.  If  we  take  two  lights, 
one  four  times  the  intensity  of  the  other,  and  we  extinguish  half  of 
one  by  a  vapor,  we  extinguish  half  of  the  other,  and  that  is  a  fact  which 
cannot  be  set  aside  by  any  arrangement.  But  then  we  fall  back  upon 
the  amount  of  light  w^hich  the  electric  spark  does  give  us  in  aid  of  the 
power  of  penetrating  the  fog,  for  the  light  of  the  electric  spark  shines 
so  far  at  times,  that  even  before  it  has  arisen  above  the  horizon  twenty- 
five  miles  off,  it  can  be  seen.  This  intense  light  has,  therefore,  that 
power  which  we  can  take  advantage  of, — of  bearing  a  great  deal  of  ob- 
struction before  it  is  entirely  obscured  by  fogs  or  otherwise. 

Taking  care  that  we  do  not  lead  our  authorities  into  error  by  the 
advice  given,  we  hope  that  we  shall  soon  be  able  to  recommend  the  Trin- 
ity House,  from  what  has  passed,  to  establish  either  one  or  more  good 
electric  lights  in  this  country. 


Increase  of  the  Bite  of  Locomotives  on  Railways."^ 

In  another  part  of  our  impression  we  give  an  account  of  an  inven- 
tion, with  some  experiments,  of  Mr.  E.  W.  Serrell,  an  American  civil 
engineer,  from  the  Journal  of  the  Franklin  Institute,  for  increasing 
the  bite  of  the  engine  wheels  on  the  rails  by  means  of  electro-magnet- 

*  from  Herapath'e  Railway  Journal,  No.  1071. 
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sm.  Thoup;li  wo  admit  the  importance  of  the  iiivoiilion,  if  p^oncrally 
)ractiral>lo,  wo  cannot  soo  that  it  will  allow  of  so  much  ro(]uction  in 
Jio  woi,<i;ht  of  tho  locomotive,  though  it  would  of  some,  as  the  iiivcntor 
icoms  to  think.  Tho  power  (»f  tho  online  resides  in  its  boiler,  every 
)art  of  which,  with  the  workin*];  ^rvnv  and  driving  wheels,  im:sl  have 
trenixth  with  ])roj)ortioiial  wei^^ht  to  boar  tho  full,  and  more  than  tho 
ull,  strain  of  tho  steam  in  tho  boiler,  and  to  resist  tho  shocks  occu- 
ioncd  by  the  velocity  on  tho  road.  There  is,  however,  one  ^reat  bone- 
it  tho  invention  would  confer  both  upon  the  travelin*:;  public  and  the 
aihvay  Companies.  It  would  go  far  to  lesson  tho  number  of  accidents 
ly  tho  engine  leaving  tho  rails.  For  if  tho  mutual  adhesion  betweca 
he  wheels  and  rails  be  increased,  the  chances  of  the  engine  jumping 
iff  tlie  rails  will  bo  diminished,  and  that  would  be  more  particulary  so 
f  tho  driving  wheels,  as  wo  have  heretofore  recommended,  were  placed 
u  tho  fore  part  of  the  engine.  Coupled  engines,  too,  which  on  curved 
inos  produce  great  strains  and  consequent  wear  and  tear,  would  be 
ess  needful  if  Mr.  Serrell's  invention  could  be  brought  into  use. 


On  the  Decay  and  Preservation  of  Biuldinq  3Taterial8.'^  By  Prof. 
D.  T.  Ansted,  M.A.,  F.ll.S. 

[Tlie  following  Lecture  was  delivered  at  the  Royal  Inetitutioti  on  the  24th  May,  ISCO.] 

The  subject  of  my  present  lecture  is  eminently  practical,  and  hardly 
,dmits  of  much  variety  of  illustration  ;  but  I  am  sure  that  none  of  you 
an  have  examined,  or  even  glanced  at  the  numerous  specimens  of 
.rchitcctural  construction  in  the  older  and  more  picturesque  cities  of 
ilngland  and  the  Continent — you  cannot  have  admired  the  graceful  tra- 
ery  of  Westminster  Abbey, — you  cannot  even  have  looked  at  the  rich 
ietail  of  the  noble  building  recently  erected  so  near  it,  by  one  whose 
;enius  will,  perhaps,  be  willingly  acknowledged,  now  that  he  has 
ieparted  from  amongst  us,  without  noticing  the  facts  I  am  about  to 
efcr  to. 

You  will  there  see,  at  every  turn,  fresh  proof  of  apparently  capri- 
ious  and  unaccountable  decay.  You  will  find  many  old  stones  unal- 
ered,  while  many  new  ones  are  fast  mouldering  into  rottenness ;  and 
^ou  will,  I  believe,  be  interested,  in  spite  of  the  apparent  dryness  of 
he  subject,  in  anything  that  will  inform  you  about  a  result  so  painful, 
o  irregular,  and  so  desirable  to  check,  if  in  any  way  prevention  is 
►ossible. 

Our  building  materials  are  of  several  kinds.  Let  me  point  out  to 
^ou  the  principal  varieties — their  peculiar  uses — their  relative  value 
or  special  purposes — and  the  special  causes  of  decay  in  each.  I  shall 
hen  endeavor  to  put  before  you  the  modes  by  which  such  materials 
nay  be,  at  least  in  some  measure,  preserved  from  decay. 

There  is  one  thing  which  I  may  say  with  regard  to  all  building  ma- 
erials  of  the  nature  of  stone, — namely,  that  wherever  it  is  found  form- 
ng  part  of  the  earth's  crust  as  a  mass  of  rock,  it  is  invariably, — if  it 
:omes  to  the  surface  at  all — injured  and  altered  near  the  surface.    In 

*  From  the  Journal  of  the  Society  of  Arts,  No.  396. 
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a  granite  district,  for  example,  wlierc  there  is  scarcely  any  soil  lying 
over  the  granite,  it  scarcely  ever  happens  that  the  upper  portion  of 
the  granite  does  not,  to  a  certain  extent,  exhibit  marks  of  alteration. 
In  all  the  common  absorbent  stones  which  are  ordinarily  used  for  build- 
ing purposes,  this  is  much  more  remarkably  the  case.  And,  to  a  cer- 
tain extent,  the  rate  at  >vhich  the  stone  would  be  injured  may  be  esti- 
mated by  its  appearance  where  it  has  been  thus  exposed  for  a  long  time 
to  the  action  of  the  atmosphere.  But  that  can  only  be  taken  as  a  partial 
measure  of  the  injury  likely  to  occur,  because  in  some  cases  it  will 
happen  that  the  stone  will  stand  exposure  perfectly  well  in  its  own 
atmosphere,  and  when  the  surface  only  is  exposed,  Avithout  having  been 
removed  from  the  bed,  although  that  same  stone,  when  it  is  removed 
from  the  bed,  particularly  when  it  is  placed  in  a  different  position  from 
that  which  it  occupied  in  the  bed,  will  decay  much  more  rapidly.  Still, 
as  I  have  said,  it  is  an  indication,  and  you  will  generally  find  that  in 
a  granite  district  a  surface  of  good  granite  is  exceedingly  hard  close  to 
the  top,  and  a  decomposing  granite  worn  and  rotten.  In  a  sandstone 
district  there  will  also  be  a  certain  amount  of  decomposition  dependent 
on  the  value  of  the  stone.  And  in  a  limestone  district  there  will  gene- 
rally be  considerable  decomposition ;  in  fact  the  whole  of  the  upper  bed 
of  limestone  will  be  converted  into  vegetable  soil. 

Let  us  now  take  the  building  materials  in  regular  order.  First  of 
all  there  is  the  group  of  which  granite  is  the  representative.  A  very 
remarkable  group  of  stones  is  this,  which  are  perfectly  familiar  to 
every  one.  With  respect  to  it,  therefore,  I  shall  not  waste  your  time 
in  definitions,  and  merely  remark  that  as  it  is  one  of  the  hardest,  and, 
in  some  respects,  one  of  the  most  valuable  stones  we  have,  yet  in  many 
respects,  although  very  useful,  it  is  almost  impracticable  for  delicate 
ornamentation.  Granite  'consists  of  a  number  of  crystals  embedded 
in  a  crystalline  base.  In  other  words,  it  is  a  mass  of  crystalline  mine- 
rals crystallized  altogether.  That  is  the  essential  nature  of  granite, 
and  the  point  in  which  it  differs  from  most  other  stones.  This  explains 
at  once  its  value,  and  the  nature  of  its  decay.  Its  value,  because  gra- 
nite, being  composed  entirely  of  crystallized  matter,  is  non-absorbent, 
and  very  little  exposed  to  injury,  so  that  there  is  no  opportunity  for 
decomposing  agencies  to  get  to  it,  without  the  lapse  of  a  very  long 
period  of  time.  But  it  is  also  necessary  to  observe  that  granite  con- 
sists of  various  kinds  of  crystals,  and  these  not  being  always  composed 
in  the  same  manner,  some  are  more  liable  to  decay  than  others.  Among 
the  crystals  that  form  granite  are  crystals  of  quartz,  a  material  so 
durable  that  one  hardly  expects  it  to  fail  at  all.  But  quartz,  under 
certain  circumstances,  is  capable  of  assuming  a  state  in  which,  by  the 
action  of  the  weather,  it  wull  decay.  This  very  peculiar  state  I  shall 
speak  of  afterwards,  when  I  have  to  ask  your  attention  to  some  means 
of  preventing  decay.  It  is  a  fact — and  I  allude  to  it  now  as  one  of 
the  ways  in  which  granite  appears  subject  to  decay.  A  portion  of 
quartz  seems  to  be  liable,  in  some  states,  to  combine  with  water ;  and 
it  then  can  be  acted  upon  by  alkalies  and  alkaline  carbonates.  More 
frequently  it  is  the  crystals  of  felspar,  of  which  granite  also  consists  in 
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a  largo  measure,  that  decay.  These  consist  of  compound  silicates,  and 
the  alkali  amoni^  them  is  generally  })Otash,  but  occasionally  soda. 
When  the  alkali  is  soda,  the  stone  is  more  likely  to  decay  than  when 
it  is  potash,  ^lica  or  tale,  the  other  constituent  of  granite,  is  in  a  sim- 
ilar way  liable  to  decomposition.  Thus,  although  granite,  as  a  stone, 
seems  scarcely  liable  to  injury,  yet  all  the  different  parts  of  it  are 
really  capable  of  decay.  With  regard  to  the  prevention  of  granite 
from  decay,  I  do  not  know  that  it  has  ever  been  attempted.  The  only 
thing  to  be  done  is  to  select  the  better  kinds,  and  you  have  only  to  go 
to  the  British  Museum,  and  look  at  those  wonderful  specimens  which 
have  been  delicately  sculptured  by  the  Egyptians,  and  afterwards  ex- 
posed for  so  many  centuries  to  a  dry  atmosphere,  and  now  for  some 
years  to  our  own  moist  atmosphere,  to  observe  how  totally  untouched 
they  are.  You  have  only  to  look  at  the  various  specimens  of  granite 
in  our  own  metropolis,  or  in  other  parts  of  our  island,  and  you  can- 
not fail  of  being  convinced  how  well  it  stands  generally,  although  you 
may  occasionall}''  find  unfavorable  specimens. 

Granite  is  a  material  which,  owing  to  its  great  hardness,  requires 
to  be  worked  by  pick  and  wedge ;  it  cannot  be  worked  merely  by 
chisel  and  mallet.  Owing  to  that  it  is  expensive,  and,  generally  speak- 
ing, cannot  be  used  for  ordinary  purposes. 

Next  we  come  to  the  group  of  freestones.  Freestones  are  either 
sandstones  or  limestones.  The  sandstones  form  a  large  group,  but 
they  are  not  very  extensively  used  for  the  more  decorative  parts  of 
buildings.  They  are  at  any  rate  little  used  in  London,  and  there  are 
many  reasons  for  this.  Sandstone  consists  for  the  most  part  of  quartz 
sand,  and  I  have  told  you  that  quartz  forms  a  larger  part  of  granite. 
But  the  particles  of  quartz  in  sandstone  are  cemented  together  by 
some  foreign  combining  substance  ;  sometimes  this  substance  is  silica, 
and  in  that  case  the  stone  will  be  almost  unchangeable.  Such  is  the 
sandstone  that  is  worked  in  Edinburgh,  and  obtained  at  Craigleith. 
It  is  a  stone  which  scarcely  injures  by  exposure.  Most  of  the  sand- 
stones, however,  are  cemented  together,  either  by  carbonate  of  lime, 
which  has  been  filtered  in  by  the  action  of  water,  by  a  mixture  of  clay 
and  carbonate  of  lime  introduced  in  the  same  manner,  or  by  the  pre- 
sence of  oxide  of  iron.  All  these  cementing  media  are  of  course  liable 
to  the  action  of  foreign  substances  upon  them,  according  to  their  na- 
ture. And  if  these  give  way  it  is  clear  that  the  stone  itself  must  give 
way.  For  an  example  of  this  kind  of  stone,  that  scarcely  changes  at 
all,  I  may  direct  your  attention  to  a  few  specimens  of  the  Yorkshire 
stones  on  the  table  before  you.  Although  very  excellent,  however, 
these  stones  are  not  very  manageable.  They  are  difficult  to  work,  and 
very  hard.  Although  very  durable,  they  vary,  and  are  not  quite  free 
from  the  ordinary  faults  of  sandstone.  There  is  also  before  you  a 
specimen  of  red  stone  (Mansfield)  in  which  there  is  a  considerable 
quantity  of  iron.  The  others  are  silica,  with  some  mica,  and  are  ce- 
mented by  calcareous  and  argillaceous  matter.  They  are  thus  liable 
to  the  ordinary  action  of  weather  and  foreign  substances  upon  them. 
In  these  stones   the  particles  of  silica  rarely,  if  ever,  give  way,  but 
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they  arc  liable  to  fall  away  from  each  other  by  the  (Iccomposition  of 
their  cementing  medium.  But  I  was  going  to  speak  of  the  several 
kinds  of  sandstone  before  going  into  the  causes  of  decay.  The  York- 
shire stones  are  the  next  in  value  after  Craigleith,  and  arc  very  good. 
Some  of  the  dark-colored  Scotch  stones  are  also  excellent.  The  stones 
from  the  coal  measures  are  better  than  tliese  red  ones,  which  are  not 
by  any  means  advisable,  and  require  to  be  used  with  care.  There  are 
a  number  of  varieties  of  these  red  sandstones.  All  the  sandstones 
used  may  be  grouped  in  these  three  ways  : — Those  that  are  very  hard, 
very  compact,  very  fine  in  grain,  and,  generally  speaking,  of  a  pale 
color  ;  these  are  durable  but  costly.  Next,  there  are  those  that  are 
hard  and  laminated.  That  is  the  character  which  belongs  to  almost 
all  rocks  that  have  been  found  in  water,  but  in  some  it  shows  itself 
more  markedly  than  in  others.  In  stones  which  arc  completely  lami- 
nated, the  appearance  is  like  sheets  of  paper  placed  one  over  the  other, 
and  you  can  almost  separate  them.  Those  stones  arc  easily  perish- 
able. There  are,  however,  laminated  stones,  such  as  those  I  am  now 
referring  to,  of  good  quality.  These  are  generally,  not  of  very  fine 
grain,  although  they  may  be  so.  They  are  most  frequently  of  a  mixed 
grain,  made  up  of  particles  of  sand  and  small  pebbles  of  different 
sizes.  Very  often  they  have  reddish  tints  of  color,  owing  Lo  the  pre- 
sence of  iron,  and  they  are  often  very  irregular  in  their  character. 
Lastly,  there  are  some  soft  stones  which  are  laminated,  and  generally 
red,  but  soft  and  bad.     These  are  the  three  kinds  of  stone. 

AH  these  stones  are  subject  to  decay  in  this  w^ay  : — First,  from  the 
lamination.  Having  been  formed  in  water,  they  have  been  deposited 
in  beds  one  over  the  other,  and  never  become  entirely  free  from  water, 
and  when  exposed  to  the  air  are  liable  to  give  off  the  water  by  evapo- 
ration, and  take  it  in  again  by  absorption  when  rain  comes,  or  when 
the  atmosphere  is  damp.  After  this,  if  a  change  of  temperature  fol- 
lows, and  a  severe  cold  sets  in,  the  temperature  of  the  stone  passing 
below  the  point  of  the  extreme  density  of  water,  the  water  begins  to 
expand.  That  expansion  before  and  whilst  freezing,  is  one  of  the 
properties  of  water  with  which  you  are  probably  acquainted.  You  all 
know  that  if  you  leave  water  in  a  jug  with  a  narrow  neck,  and  frost 
sets  in,  the  water  will  expand  and  break  the  jug.  In  the  same  way 
laminated  and  absorbent  stones  will  break.  The  water  gets  in  but 
cannot  get  out  freely.  It  expands,  and  the  stone  breaks.  Secondly, 
•water  entering  in  the  manner  I  have  described  contains  foreign  sub- 
stances. The  water  in  the  atmosphere  that  falls  in  the  shape  of  rain 
is  absorbed  into  the  stone,  and  necessarily  contains  those  foreign  sub- 
stances floating  in  the  atmosphere  which  are  soluble  in  water.  These 
substances  include  a  large  number  of  gases — acid  gases  for  the  most 
part — but  some  others.  For  example,  they  include  carbonic  acid  gas, 
and  carbonic  acid  dissolves  in  water ;  they  include,  also,  sulphurous 
acid  passing  into  sulphuric  acid,  and  this  is  taken  up  by  the  water. 
They  include,  also,  ammonia.  All  these  substances  are  abundantly 
produced  in  the  atmosphere  of  large  towns.  These  substances  enter- 
ing into  the  body  of  the  stone,  begin  to  act  upon  the  cementing  me- 
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(limn.  If  tlic  cenionting  medium  is  easily  acted  on  cliemically  by 
these  substances,  it  is  of  course  very  soon  removed.  If  it  ia  not  easily 
ufTt'Ctod  by  them,  then  tbo  stone  remains  unaltered  ;  but,  generally 
speaking,  it  is  the  case  that  sandstones  that  have  either  lime  or  clay 
as  their  cementing  medium,  are  more  or  less  affected  by  foreign  sub- 
stances entering  into  them  through  the  atmosphere.  There  is  then 
a  cause  of  decay  in  the  sandstones,  and  the  sandstones,  uhen  they 
are  very  absorbent,  generally  become  readily  disintegrated  in  this 
manner.  Sandstones  are  not  very  extensively  used  in  London  for 
building,  but  they  are  very  much  employed  in  many  parts  of  the 
country. 

The  next  group  includes  Avhat  Ave  call  limestones.  Limestones  dif- 
fer more  in  their  nature  than  sandstones  do,  and  include  diflerent  kinds 
of  material.  For  example,  there  are  the  carbonates  of  lime  pure  and 
the  carbonates  of  lime  and  magnesia.  First  of  all,  I  Avill  take  the 
carbonates  of  lime.  Some  of  tliese  are  perfectly  cr3^stalline,  such  as 
marble.  Marble  has  a  very  close  texture  ;  it  does  not  absorb  -water, 
and  it  is,  therefore,  little  acted  upon  by  it  unless  it  contains  acids. 
AVhon  sound  it  lasts  a  long  time,  but  if  cracked,  decay  will  enter  in 
where  the  crack  occurs.  Marble  is  a  very  expensive  stone,  and  the 
quantity  of  it  compared  with  the  other  kinds  of  limestone  is  small; 
but  there  is  a  good  deal  of  a  sort  of  limestone  intermediate  between 
marble  and  common  oolites.  This  is  generally  hard,  and  not  unfre- 
quentlv  contains  thin  strini:cs  of  foreign  substances,  as  silica,  which  in- 
terfere  with  its  working.  Such  stones  arc  found  in  Derbyshire,  and 
belong  to  what  geologists  call  the  carboniferous  or  mountain  limestone 
series.  They  are  crystalline,  but  irregular,  being  partially  cracked 
and  containing  many  fossils.  A  large  majority  of  the  limestones  used 
in  this  country  are  oolites,  so  called  because  they  appear  to  be  made 
up  of  a  number  of  eggs.  These  oolites  are  of  various  qualities.  They 
are  found  in  many  parts  of  the  country,  and  arc  commonly  used  for 
building,  being,  in  fact,  our  common  materials.  There  are  several 
varieties  of  them  which  are  of  different  value.  One  of  the  best  is 
the  Portland  stone.  There  is  a  specimen  upon  the  table,  and  a  very 
good  specimen  it  is.  These  stones  are  made  up  of  a  number  of  little 
particles,  which  are  themselves  groups  of  smaller  particles.  These 
little  particles  are  cemented  together  by  carbonate  of  lime,  and  the 
whole  stone  is  nearly  pure  carbonate  of  lime.  Portland  is  probably 
the  best  building  stone  we  have  in  England,  but  is  dear,  being  hard 
and  expensive  to  work.  St.  Paul's  Cathedral  is  built  of  Portland 
stone,  and  so  is  Greenwich  Hospital,  both  being  excellent  examples. 
It  is  impossible,  perhaps,  to  find  better  specimens  of  this  stone  than 
the  Hospital.  A  few  days  before  his  death,  I  was  with  Sir  Charles 
Barry  at  Greenwich  Hospital,  and  he  was  pointing  out  to  me  the  beau- 
tiful condition  of  the  stone  on  the  east  face.  It  is,  indeed,  worth 
looking  at  as  a  specimen  of  the  material,  and  is  almost,  if  not  quite, 
equal  to  the  marble  of  which  the  Milan  Cathedral  is  built.  There  are 
many  other  good  specimens  of  this  stone  in  London,  and  of  these  the 
Reform  Club  is  as  good  as  any.     If  you  look  at  these   specimens  of 
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tho  better  kind^  you  will  liardly  recognise  the  decay  that  takes  place. 
You  must  look  at  stones  which  have  ])een  a  long  time  exposed,  or  else 
at  an  inferior  (juality  of  material.  Bath  stones  offer  a  wonderful  con- 
trast to  Portland.  Bath  stone  is  almost  as  soft  as  cheese  in  the  quar- 
ry, and  it  can  then  be  cut  -with  an  ordinary  knife.  I  speak  now  of  the 
stones  in  the  quarr}'',  where  all  stones  are  softer  and  more  easily  work- 
ed than  when  they  have  been  exposed  for  some  time  to  the  air.  Bath 
stone,  being  exceedingly  soft,  is  therefore  cheap.  It  is  easily  got  and 
easily  cut,  but  it  is  not  a  stone  that  wears  well.  Some  specimens  of  Bath 
stone  are  to  be  seen  in  the  recent  restorations  of  Westminster  Abbey 
that  have  failed  so  com])lctcly  as  to  be  already  a  great  deal  worse  than 
much  of  the  stone  that  has  been  there  for  centuries.  Within  the  few 
years  that  have  elapsed  since  this  stone  was  put  up,  it  has  decayed 
entirely.  And  yet  stones  of  the  same  kind,  from  nearly  the  same 
quarry — indeed  some  from  the  identical  quarries — have  been  used  in 
the  City  of  Bath,  and  are  not  much  the  worse  after  a  century's  wear. 
There  is  a  difference  in  the  quality  of  the  stone,  but  there  is  also  a 
great  difference  in  the  quality  of  the  air  to  which  stones  are  exposed. 
The  rapid  decay  may,  however,  be  partly  attributed  to  the  fact  that 
the  stones  for  Westminster  Abbey  had  not  been  well  selected,  and  per- 
haps the  stones  used  at  Bath  had  been  for  some  time  exposed  to  the 
air  before  use.  Bath  stone  is,  as  I  have  said,  an  exact  opposite  to 
Portland.  But  we  have  other  stones  that  are  bad.  I  do  not  know 
that  I  can  mention  a  more  remarkable  instance  than  the  stone  which 
is  obtained  at  Heddington,  in  the  neighborhood  of  Oxford.  There 
are  some  specimens  of  the  different  oolites  on  the  table,  and  the  Hed- 
dington is  in  some  respects  the  worst  of  all.  No  one,  I  think,  can 
have  looked  at  some  of  the  older  buildings  in  Oxford  without  seeing 
what  a  bad  state  they  are  in,  and  how  bad  the  stone  itself  must  be.  1 
have  here  a  specimen  of  Heddington  stone,  that  has  been  exposed  for 
a  short  time  to  the  action  of  acids,  and  it  shows  the  way  in  which  such 
stones  will  decay.  Besides  these  there  are  a  number  of  stones  of  in- 
termediate quality  in  England,  known  by  various  names — the  names 
of  the  quarries  in  which  they  are  found.  There  is  the  Ancaster  stone, 
the  Ketton  stone,  the  Barnack  stone,  and  the  Purbeck  stone.  There 
is  another  limestone  to  which  I  wish  to  direct  your  attention — that  is 
the  Caen  stone.  A  vast  quantity  of  stone  has  been  obtained,  from 
time  immemorial,  from  some  of  the  quarries  in  the  neighborhood  of 
Caen,  and  some  other  places  near.  This  stone  has  been  brought  over 
to  England  almost  from  the  time  of  the  Norman  conquest.  Part  of 
Canterbury  Cathedral  is  built  of  it,  and  it  has  stood  very  well.  But 
other  stones  from  the  same  or  from  adjacent  quarries  have  gone  en- 
tirely. They  have  failed  so  thoroughly  that  it  is  impossible  to  con- 
ceive any  thing  worse.  They  are  even  worse  than  the  Heddington 
stone  in  the  worst  cases  in  Oxford.  There  is  a  specimen  before  me 
of  Caen  stone  showing  decay ;  it  shows  the  quality  of  the  stone,  and 
it  shows  the  way  in  which  decay  takes  place.  This,  however,  although 
a  decayed  stone,  is  not  a  bad  specimen.  I  could  not  get  the  sort  of 
specimen  I  should  have  been  glad  of,  to  show  how  badly  some  Caen 
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stone  decays.  But  there  have  heeii  some  huihlings  erected  lately  in 
London,  and  I  am  sorry  to  say  that  one  of  them  is  Ikickingham  Pa- 
lace, that  show  the  decay  as  clearly  as  can  he.  Soon  after  the  palace 
"vvas  completed,  the  stone  became  in  so  had  a  state  that  it  was  posi- 
tively dangerous  for  the  sentinels  to  walk  underneath  it,  and  it  was 
necessary  to  remove  lar«j:e  portions  of  it  and  to  substitute  stucco;  and 
there  it  remains  to  this  day  ))ainted  over.  This  case,  with  regard  to 
a  common  limestone  will  show  what  sort  of  material  we  have  to  deal 
"Nvith.    All  the  ehea})er  kinds  of  stone  are  exceedingly  liable  to  decay. 

How  does  limestone  decay  ?  It  decays  in  a  very  simple  way,  and 
from  the  same  canses  that  1  alluded  to  in  speaking  of  sandstones. — 
First  there  is  an  exposure  to  changing  temi)erature,  all  the  liniestones 
being  absorbent,  and  taking  in  a  certain  (quantity  of  water.  The 
water  is  driven  in  by  rain,  particularly  in  what  appear  to  be  the  shel- 
tered parts  of  the  stone,  beneath  projections.  Then  cold  comes,  and 
even  if  the  stone  has  been  placed  in  the  building  as  it  lays  in  the  bed, 
there  will  still  be  a  tendency  to  throw  off  successive  laminae,  but  if 
put  carelessly  in  the  building,  or  fixed  at  right  angles  to  the  position 
it  was  in  the  bed,  so  that  what  was  originally  the  plane  of  the  bed  has 
now  become  vertical,  the  efl'ect  will  be  that  the  whole  face  of  the  stone 
will  peal  off,  and  if  the  stone  is  cut  into  delicate  ornaments,  it  is  al- 
most inevitable  that  some  of  the  planes  of  the  bed  would  interfere,  so 
that  when  expansion  takes  place,  the  outer  laminae  of  the  ornament 
would  break  o^  and  fall  away.  The  moment  that  is  done  in  any  one 
place,  absorption  becomes  more  rapid  than  it  was  before,  and  it  goes 
on  with  increasing  rapidity.  If,  however,  the  stone  lasts  for  a  certain 
time  without  injury,  the  surface  hardens.  All  stone  is  much  harder 
after  it  has  been  exposed  to  the  air  for  some  time  than  it  is  in  the 
quarry ;  and,  therefore,  if  it  once  gets  into  this  state  it  may  last,  but 
if  it  is  attacked  early  it  will  go.  There  is  an  instance  of  this  to  be 
seen  in  Mr.  Hope's  house,  in  Piccadilly,  which  is  built  of  a  soft  stone. 
It  has  been  sheltered  by  putting  leads  over  the  tops  of  the  exposed 
parts ;  and  I  have  Mr.  Charles  Smith's  authority  for  saying  that,  in 
consequence  of  that,  the  stone  has  been  preserved.  The  water  has 
been  prevented  from  draining  down  into  the  stone,  and  in  that  way  it 
has  had  time  to  harden.  The  water  that  is  absorbed  when  limestone 
is  exposed  to  the  air  is  charged  with  acids,  as  I  have  already  mentioned, 
and  under  these  circumstances  the  stone  acts  as  a  kind  of  filter.  A 
porous  stone  acts  also  in  another  way,  decomposing  the  gases  that  pass 
into  it.  A  certain,  though  slow,  decomposition  thus  goes  on,  and  the 
stone  becomes  actually  destroyed.  Very  often  this  will  take  place 
even  when  it  is  not  very  apparent  outside.  That  is  the  case  especially 
in  some  of  the  Heddington  stones.  At  Oxford  you  will  often  see 
large  scales  breaking  off  from  the  surface  of  the  building,  although 
the  outside  is  apparently  pretty  good.  This  is  the  result  of  that 
amount  of  decomposition  and  alteration  that  goes  on  within  the  sub- 
stance of  the  stone  itself. 

There  is  another  kind  of  limestone  which  I  must  mention.     It  is 
magnesian  limestone.     The  magnesian  limestone  is  carbonate  of  lime 
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and  mafrncsia ;  common  limestone  is  simply  carbonate  of  lime.  Just 
as  the  common  limestone  when  crystallized  is  very  durable,  so  mag- 
nesian  limestone,  when  crystallized  (in  which  case  it  is  composed  of 
equal  parts  of  carbonate  of  lime  and  carbonate  of  magnesia),  is  in  a 
more  compact  state  than  when  earthy,  and  then  seems  to  stand  exceed- 
ingly well.  In  the  places  where  these  stones  arc  obtained,  the  churches 
built  of  them  centuries  ago  are  (juitc  unaltered.  Vtwt  when  these  same 
stones  arc  brought  into  our  London  atmosphere,  although  they  appear 
to  be  just  as  good,  and  are  exposed  to  very  much  the  same  influences, 
they  begin  at  once  to  decay.  It  was  owing  to  a  neglect  of  the  con- 
sideration of  this  matter  that  the  stone  used  for  the  construction  of 
the  Houses  of  Parliament  has  suffered  so  much.  The  stone  for  this 
purpose  was  selected  with  the  greatest  possible  consideration.  A  com- 
mission was  appointed  of  the  fittest  men  of  the  time — the  best  geolo- 
gist, the  architect,  competent  practical  men,  and  the  best  chemists. 
All  those  'employed  were  men  of  the  highest  reputation,  and  no  one 
has  hinted  for  a  moment  that  they  did  not  do  their  duty.  This  com- 
mission examined  the  different  limestones  in  the  country,  and  they 
recommended  the  magnesian  limestone  of  Bolstover,  because  they  be- 
lieved it  to  be  the  best.  They  found  buildings  constructed  of  it  many 
centuries  ago  entirely  unaltered,  and  they  naturally  recommended  that 
it  should  be  employed.  Then  came  a  difficulty  which  had  not  been 
considered  sufficiently,  and  that  was  that  the  particular  quarries  which 
had  supplied  the  stone  to  the  churches  in  the  neighborhood  were  by 
no  means  large  enough  to  supply  the  quantity  required  for  the  Houses 
of  Parliament ;  and  not  only  that,  but  it  was  not  at  all  certain  that 
other  stones  could  be  got  in  the  immediate  neighborhood  of  precisely 
the  same  kind.  Other  quarries  adjacent  were  selected,  and  the  stone 
which  was  used  was  certairily  from  the  neighborhood,  and  nominally 
the  same  stone,  but  really  it  was  exceedingly  imperfect.  Magnesian 
limestone  differs  from  common  limestone  in  the  way  in  which  it  decays. 
Under  the  action  of  those  causes  that  I  have  already  mentioned,  it 
decays  whenever  the  two  minerals  are  not  perfectly  crystallized  toge- 
ther, and  then  it  becomes  disintegrated  and  powdery,  so  that  in  one 
block  you  will  find  portions  which  are  perfectly  hard,  and  other  por- 
tions near  them,  which  are  also  hard,  whilst  between  these  two  you 
•will  find  portions  which  are  perfectly  soft,  and  so  disintegrated  that 
the  particles  might  almost  be  blown  away  by  the  wind.  This  has 
arisen  from  the  way  in  which  the  material  was  originally  crystallized, 
and  from  the  difficulty  that  there  is  in  producing  a  perfect  crystalliza- 
tion in  a  mass  on  a  large  scale  in  nature.  Generally  speaking,  there 
is  a  considerable  amount  of  variety  both  in  the  composition  and  sub- 
sequent metamorphosis  of  rocks,  so  that  bedded  materials  almost  al- 
ways vary  a  great  deal  even  in  a  short  distance.  This  is  the  case  with 
magnesian  limestone,  but  it  also  appears  that  neglect  was  incurred  by 
the  want  of  sufficient  superintendence  in  selecting  the  best  kinds  of 
stone,  and  rejecting  bad  samples  either  at  the  quarry  or  in  London. 
There  was  no  sufficient  superintendence,  and  the  poor  and  inferior 
specimens  of  stone  were  not  rejected.     They  'were  all  put  into  this 
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great  buiUllnf!^,  and  the  result  is  that  some  of  tlie  stones  are  very  good, 
some  very  indifferent,  and  some  exceedingly  bad.  The  same  kind  of 
stone  WHS  used  in  the  new  buildintr  of  Lincoln's-inn,  and  it  is  even 
•worse.  The  same  kind  of  stoni',  however,  is  used  in  the  construction 
of  the  Museum  of  Practical  (Jeology,  in  Jermyn-street,  and  there  there 
is  not  a  stone  faulty.  It  would  appear  then  that  the  selection  of  stone 
is  a  very  important  matter.  80  much  I  may  say  with  regard  to  the 
materials  and  the  nature  of  the  causes  that  ])roduce  their  decay. 

Practically,  then,  the  causes  of  decay  of  absorbent  stones  are  con- 
nected with  exposure  to  damp  atmosj)here,  rendered  impure  by  various 
acids  and  alkaline  gases,  and  also  with  changes  of  temperature,  espe- 
cially above  and  below  the  temperature  of  about  88  degrees,  at  which 
water  attains  its  greatest  density.  It  is  quite  clear  that  where  there  is 
a  large  amount  of  injurious  gases  present  in  the  air,  in  other  words  in 
and  near  large  cities,  where  tliere  are  a  great  number  of  people  breath- 
ing and  giving  oft*  carbonic  acid  gas,  and  where  a  large  number  of  fires 
are  burning,  which  always  yield  a  large  quantity  of  sulphurous  acid, 
and  also  where  there  is  much  ammonia;  in  these  places,  and  owing  to 
the  state  of  the  atmosphere,  stones  which  in  the  open  country  would 
stand  perfectly  well,  will  stand  very  badly.  In  addition  to  this  must 
be  taken  into  account  the  exposure  to  certain  winds,  and  the  action  of 
the  weather  to  a  greater  or  less  extent  for  a  limited  time. 

(To  be  Continued.) 
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The  Mechanical  Theory  of  Heat:''   By  Daniel  K.  Clark,  C.  E. 

An  important  an  interesting  inquiry  relative  to  steam  and  its  ope- 
ration in  the  steam  engine,  is  that  which  traces  the  connexion  between 
the  heat  expended  and  the  dynamical  effect,  or  work,  produced.  The 
method  of  separate  condensation,  and  the  application  of  the  force  of 
expanding  steam,  changed  to  an  important  extent  the  accepted  rela- 
tions of  heat  to  power,  and  added  remarkably  to  the  dynamical  effect 
of  the  fuel ;  and  though  the  steam  engine  has  been  progressively  im- 
proved by  the  continual  elaboration  of  small  economies,  there  is  yet 
good  reason  to  believe  that  the  field  of  improvement  is  wide,  and  that 
the  laborer  in  that  field  has  the  prospect  of  a  good  return.  The  in- 
quiries of  scientific  men  on  the  subject  of  the  relation  of  heat  to  me- 
chanical effect  have  resulted  in  the  establishment  of  the  principle  that 
heat  and  mechanical  force  are  identical  and  convertible,  and  that  the 
action  of  a  given  quantity  of  beat  may  be  represented  by  a  constant 
quantity  of  mechanical  work  performed.  "Motion  and  force,"  says 
Professor  Rankine,  "  being  the  only  phenomena  of  which  we  thorough- 
ly and  exactly  know  the  laws,  and  mechanics  the  only  complete  phy- 
sical science,  it  has  been  the  constant  endeavor  of  natural  philosophers, 
by  conceiving  the  other  phenomena  of  nature  as  modifications  of  mo- 

*From  the  Lond.  Engineer,  Ko.  232. 
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tion  nnd  force,  to  reduce  tlie  otlier  physical  Bcicnces  to  branches  of 
iiiochiinics.  Newton  cxpiesscH  a  wish  ior  tlic  extension  of  this  kind 
of  investigation.  The  llieory  of  radiant  heat  and  light  having  been 
reduced  to  a  branch  of  meclianics  by  n)eans  of  the  hy[)otlie.sis  of  un- 
dulations, it  is  the  object  of  the  hypothesis  of  molecular  vortices" — 
oscillation  of  vibratory  inotion — "  to  reduce  the  theory  of  thermome- 
tric  heat,  and  elasticity  also,  to  a  bianch  of  mechanics,  by  so  conceiv- 
ing the  molecular  structure  of  matter  that  the  laws  of  these  phenomena 
shall  he  the  conse(|uences  of  those  of  motion  and  force.  This  hypo- 
thesis, like  all  others,  is  neither  demonstrably  true  nor  demonstrably 
false,  hut  merely  probahle  in  proportion  to  the  extent  of  the  class  of 
facts  with  which  its  consequences  agree."  It  must,  however,  be  re- 
marked that,  whether  the  hypothesis  of  molecular  motion  be  probable 
or  improbable,  the  theoretical  and  practical  results  arrived  at  in  re- 
gard to  the  mechanical  action  of  heat  renniining  unaffected,  being 
deduced  from  principles  which  have  been  established  by  experiment 
and  demonstration.  From  these  principles.  Professor  Rankine  an- 
nounced the  specific  heat  of  air  before  it  was  otherwise  known — the 
accuracy  of  his  deductions  having  since  been  verified  to  "within  less 
than  1  per  cent,  by  the  experiments  of  llegnault.  The  best  experi- 
ments, previous  to  those  made  by  Regnault,  in  regard  to  the  specific 
heat  of  air,  were  those  of  Delaroche  and  Berard,  from  which  they  de- 
duced a  specific  heat  of  '266 ;  but  arguing  from  the  mechanical  theory 
of  heat.  Professor  Rankine  declared  that  this  value  must  be  erroneous, 
and  that  the  specific  heat  of  air  could  not  exceed  '240.  It  has  been 
found  accordingly,  by  Regnault,  since  the  statement  was  made,  as  the 
result  of  a  hundred  experiments,  that  the  specific  heat  of  air  was  '238, 
and  that  it  is  constant  for  all  pressures  from  one  to  ten  atmospheres, 
or  at  least  difi'ers  almost  inappreciably.  This  coincidence  of  theoreti- 
cal prediction  with  experimental  evidence,  it  has  been  well  observed, 
should  have  something  like  the  same  tendency  in  strengthening  our 
belief  of  the  theory  upon  which  Prof.  Rankine's  estimate  was  based, 
as  the  discovery  of  an  unknow^n  planet,  previously  indicated  by  Le 
Verrier  and  Adams,  had  in  confirming  our  faith  in  the  science  of  as- 
tronomy. 

The  principle  of  the  dynamical  or  mechanical  theory  of  heat,  as 
already  stated,  is  that,  independently  of  the  medium  through  which 
heat  may  be  developed  into  mechanical  action,  the  same  quantity  of 
heat  converted  is  invariably  resolved  in  the  same  total  quantity  of  me- 
chanical action.  For  the  exact  expression  of  this  relation,  of  course 
units  of  measure  are  established,  in  terms  of  the  English  foot,  as  the 
measure  of  space ;  the  pound  avoirdupois,  as  the  measure  of  weight, 
pressure,  elasticity;  and  the  degree  of  Fahrenheit's  scale,  as  the  mea- 
sure of  temperature  and  heat.  Work  done  consists  of  the  exertion 
of  pressure  through  space,  and  the  English  unit  of  work  is  the  exer- 
tion of  1  ft),  of  pressure  through  1  ft.,  or  the  raising  of  1  ft),  weight 
through  a  vertical  height  of  1  ft. — briefly,  a  foot-pound.  The  unit  of 
heat  is  that  which  raises  the  temperature  of  1  ft),  of  ordinary  cold 
water  by  1  deg.  Fah.     If  2  ft)s.  of  water  be  raised  1  deg.,  or  1  ft),  be 
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raised  2  deg.  in  tenipernturo,  the  expenditure  of  heat  is,  equally  in 
both  oases,  two  units  of  heat.  Sinnlarly,  if  1  lb.  wei;j:lit  be  raised 
throutjh  1  ft.,  or  2  lbs.  Aveiglit  be  raised  tliiuugh  "1  ft.,  tlie  power  ex- 
pended, or  work  done,  is  eijually  in  both  cases  two  units  of  work,  or 
two  foot-pounds.  From  these  definitions,  then,  the  comparison  lies 
between  the  unit  of  heat,  on  the  one  ])art,  and  tlie  unit  of  work,  or 
the  foot-pound,  on  the  other.  M.  Chipeyron,  in  his  treatis(i  on  the 
movinfj  power  of  heat,  and  M.  Noltzman,  of  Manlicim,  in  1845,  who 
availed  himself  of  the  labors  of  M.  Clapeyron  and  M.  Carnot  in  the 
same  field,  groundinr^  their  investi^xations  on  the  received  laws  of  IJoylc 
or  Marriotte,  ami  CJay-iiUssac,  whieh  express  the  observed  relations 
of  heat,  elasticity,  and  volume  in  steam  and  other  gaseous  matter,  con- 
cluded that  the  unit  of  heat  was  capable  of  raising  a  weight,  between 
the  limits  of  62G  lbs.  and  782  lbs.  1  ft.  higli;  that  is  to  say,  that  one 
unit  of  heat  was  equivalent  to  from  G2G  to  782  foot-pounds.  By  this 
mode  of  investigation,  they  suppose  a  given  weight  of  steam  or  gase- 
ous matter  to  be  contained  in  a  vertical  cylinder  formed  of  non-con- 
ducting material,  in  which  is  fitted  an  air-tight  but  freely  moving  pis- 
ton, which  is  pressed  downward  by  a  weight  equal  to  the  elasticity  of 
the  gas.  Now,  the  weight,  initial  temperature,  pressure,  and  volume 
being  known,  a  definite  quantity  of  heat  from  without  is  supposed  to 
be  imparted  to  the  vapor ;  and  the  result  is  partly  an  elevation  of  the 
temperature  of  the  vapor,  and  partly  a  dilation  or  increase  of  volume; 
or,  in  other  words,  an  exertion  of  pressure  through  space,  the  elas- 
ticity remaining  the  same.  But  the  result  may  be  represented  entirely 
by  dilation,  so  that  there  shall  not  be  any  final  alteration  of  tempera- 
ture ;  and  for  this  purpose  it  is  only  necessary  to  allow  the  vapor  to 
dilate  without  any  loss  of  its  original  or  imparted  heat  until  it  re-ac- 
quires its  initial  temperature.  In  this  case,  the  ultimate  effect  is  pure- 
ly dilatation,  or  motion  against  pressure ;  and  the  work  done  is  repre- 
sented by  the  product  of  that  pressure  into  the  space  moved  through. 
Mr.  Joule,  of  Manchester,  in  18-1:3-47,  proceeded,  by  entirely  dif- 
ferent, independent,  and,  in  fact,  purely  experimental  methods,  to 
investigate  the  relation  of  heat  and  work.  1st.  By  observing  the  ca- 
lorific eflfects  of  magneto-electricity.  He  caused  to  revolve  a  small 
compound  electro-magnet  immersed  in  a  glass  vessel  containing  water 
between  the  poles  of  a  powerful  magnet :  heat  was  proved  to  be  ex- 
cited by  the  machine  by  the  change  of  temperature  in  the  water  sur- 
rounding it,  and  its  mechanical  effect  was  measured  by  the  motion  of 
such  weights  as  by  their  descent  were  sufficient  to  keep  the  machine 
in  motion  at  any  assigned  velocity.  2d.  By  observing  the  changes  of 
temperature  produced  by  the  rarefaction  and  condensation  of  air.  In 
this  case,  the  mechanical  force  producing  compression  being  known, 
the  heat  excited  was  measured  by  observing  the  changes  of  tempera- 
ture of  the  water  in  which  the  condensing  apparatus  was  immersed. 
3d.  By  observing  the  heat  evolved  by  the  friction  of  fluids:  A  brass 
paddle-wheel,  in  a  copper  can  containing  the  fluid,  was  made  to  revolve 
by  descending  weights.  Sperm  oil  and  water  yielded  the  same  results. 
Mr.  Joule  considered  the  third  method  the  most  likely  to  afi'ord  accu- 
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rate  results ;  rtud  ho  arrived  at  the  conclusion  that  one  unit  of  heat 
was  capable  of  raising  772  lbs.  1  ft.  in  bei<^lit;  or  that  the  mechanical 
equivalent  of  heat  "svas  expressible  by  772  foot-pounds  for  one  unit  of 
heat — known  as  *' Joule's  eijuivalent." 

The  following  arc  the  values  of  Joule's  equivalent  for  different  ther- 
mometric  scales,  and  in  English  and  French  units : — 

1  Enijlish  thermal  unit,  or  1  do?;.  Fah.  in  1  lb.  of  water,  772  foot-pounds. 
1  rrntiuriul(!  dci^ree  in  1  11).  of  water,     .               .               .  138U  6  " 
1  French  tlicrinal  unit,  or  1  centif^rade  degree  in  a  kilo- 
gramme of  water,             ....  423'55  kilogrammetrcs. 

The  mechanical  theory  of  heat  rests  upon  a  wide  basis,  and  proofs 
in  verification  of  the  theory  are  constantly  accumulating.  When  the 
weight  of  any  liquid  wliatever  is  known,  with  the  comparative  weight 
of  its  vapor  at  diflcrent  pressures,  the  latent  heat  at  the  diiferent 
pressures  is  readily  estimated  from  the  theory ;  and  this  method  of 
estimation  agrees  with  the  best  experimental  results,  as  may  after- 
wards be  shown;  and  when  the  latent  heat  is  also  known,  the  specific 
heat  of  the  liquid  can  be  determined  by  means  of  the  same  theory;  in 
other  words,  the  quantity  of  work,  in  foot-pounds,  may  be  determined, 
which  would,  by  agitating  the  liquid  or  by  friction,  be  required  to  raise 
the  temperature  of  any  given  quantity  of  the  liquid  by,  say,  one  de- 
gree, altogether  independently  of  Joule's  experiments.  The  theory 
enables  us  to  discover  the  utmost  power  it  is  possible  to  realize  from 
the  combination  of  any  given  weight  of  carbon  and  oxgyen,  or  other 
elementary  substances,  with  nearly  as  much  precision  as  we  can  esti- 
mate the  utmost  quantity  of  work  it  is  possible  to  obtain  from  a  known 
weight  of  water  falling  through  a  given  height.  It  is  not  difficult  to 
comprehend,  then,  that  the  theory  of  the  mechanical  equivalent  of 
heat  proves  of  great  practical  utility. 

According  to  the  mechanical  theory  of  heat,  in  its  general  form, 
heat,  mechanical  force,  electricity,  chemical  affinity,  light,  sound,  are 
but  different  manifestations  of  motion.  Dulong  and  Gay-Lussac  proved 
by  their  experiments  on  sound,  that  the  greater  the  specific  heat  of  a 
gas,  the  more  rapid  are  its  atomic  vibrations.  Elevation  of  tempera- 
ture does  not  alter  the  rapidity,  but  increases  the  length  of  their  vi- 
brations, and  in  consequence  produces  "  expansion  "  of  the  body.  All 
gases  and  vapors  are  assumed  to  consist  of  numerous  small  atoms, 
moving  or  vibrating  in  all  directions  with  great  rapidity;  but  the  aver- 
age velocity  of  these  vibrations  can  be  estimated  when  the  pressure 
and  weight  of  any  given  volume  of  gas  is  known,  pressure  being,  as 
explained  by  Joule,  the  impact  of  those  numerous  small  atoms  strik- 
ing in  all  directions,  and  against  the  sides  of  the  vessel  containing  the 
gas.  The  greater  the  number  of  these  atoms,  or  the  greater  their 
aggregate  weight,  in  a  given  space,  and  the  higher  the  velocity,  the 
greater  is  the  pressure.  A  double  weight  of  a  perfect  gas,  when  con- 
fined in  the  same  space,  and  vibrating  with  the  same  velocity — that  is, 
having  the  same  temperature — gives  a  double  pressure ;  but  the  same 
weight  of  gas,  confined  in  the  same  space,  will,  when  the  atoms  vi- 
brate with  a  double  velocity,  give  a  quadruple  pressure.    An  increase 
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\r  decrease  of  temperature  is  simply  an  increase  or  decrease  of  mole- 
;ular  motion.  Tlie  trutli  of  this  hypothesis  is  very  well  estaldished, 
LS  already  intimated,  by  the  numerous  experimental  facts  with  which 
t  is  in  harmony. 

"When  a  gas  is  confined  in  a  cylinder  under  a  piston,  so  lonp;  as  no 
notion  is  given  to  the  piston,  the  atoms,  in  striking,  will  rehound  IVom 
he  piston  after  impact  with  the  same  velocity  with  which  they  ap- 
>roached  it,  and  no  motion  will  be  lost  by  the  atoms.  But  when  the 
)iston  yields  to  the  pressure,  the  atoms  will  not  rebound  from  it  with 
he  same  velocity  with  which  they  strike,  but  will  return  after  each 
lucceeding  blow,  with  a  velocity  continually  decreasing  as  the  piston 
lontinues  to  recede,  and  the  length  of  the  vibrations  will  be  diuiinished. 
Che  motion  gained  by  the  piston  will,  it  is  obvious,  be  precisely  equi- 
'alent  to  the  energy,  heat,  or  molecular  motion  lost  by  the  atoms  of 
he  gas.  A'ibratory  motion  or  heat  being  converted  into  its  ecjuivalent 
>f  onward  motion,  or  dynamical  effect,  the  conversion  of  heat  into 
)ower,  or  of  power  into  heat,  is  thus  simply  a  transference  of  motion  ; 
ind  it  would  be  as  reasonable  to  expect  one  billiard-ball  to  strike  and 
rive  motion  to  another  without  losing  any  of  its  own  motion,  as  to 
suppose  that  the  piston  of  a  steam  engine  can  be  set  in  motion  with- 
)Ut  a  corresponding  quantity  of  energy  being  lost  bj^some  other  body. 

In  expanding  air  spontaneously  to  a  double  volume,  delivering  it, 
lay,  into  a  vacuous  space,  it  has  been  proved  repeatedly  that  the  air 
loes  not  fall  appreciably  in  temperature,  no  external  work  being  per- 
brmed  ;  but,  on  the  contrary,  if  the  air  at  a  temperature,  say,  of  230 
leg.  Fah.,  be  expanded  under  pressure  or  resistance,  as  against  the 
3iston  of  a  cylinder,  giving  motion  to  it,  raising  a  weight,  or  other- 
vise  doing  work  by  giving  motion  to  some  other  body,  the  tempera- 
ure  will  fall  nearly  170  deg.  when  the  volume  is  doubled ;  that  is, 
Vom  230  deg.  to  about  60  deg.,  and  taking  the  initial  pressure  of  40 
jbs.,  the  final  pressure  would  be  15  lbs.  per  square  inch. 

When  a  pound  weight  of  air,  in  expanding  at  any  temperature  or 
pressure,  raises  130  fbs.  1  ft.  high,  it  loses  1  deg.  in  temperature ;  in 
)ther  words,  this  pound  of  air  would  lose  as  much  molecular  energy 
is  would  equal  the  energy  acquired  by  a  weight  of  1  fi).  falling  through 
I  height  of  130  ft.  It  must,  however,  be  remarked  that  but  a  small 
3ortion  of  this  work,  130  foot-pounds  can  be  had  as  available  work, 
is  the  heat  which  disappears  does  not  depend  on  the  amount  of  work 
)r  duty  realized,  but  upon  the  total  of  the  opposing  forces,  including 
ill  resistance  from  any  external  source  whatever.  When  air  is  com- 
pressed, the  atmosphere  descends  and  follows  the  piston,  assisting  in 
:he  operation  with  its  whole  weight ;  and  when  air  is  expanded,  the 
notion  of  the  piston  is,  on  the  contrary,  opposed  by  the  whole  weight 
)f  the  atmosphere,  w^hich  is  again  elevated.  Although,  therefore,  in 
expanding  air,  the  heat  which  disappears  is  in  proportion  to  the  total 
apposing  force,  it  is  much  in  excess  of  what  can  be  rendered  avail- 
ible ;  and,  commonly,  where  air  is  compressed  the  heat  generated  is 
much  greater  than  that  which  is  due  to  the  work  which  is  required  to 
be  expended,  the  weight  of  the  atmosphere  assisting  in  the  operation. 


10)8  Mechanics^  Physics,  and  Chemistry, 

Let  a  pound  of  water,  at  a  temperature  of  212  deg.  Fah.,  be  in- 
jected into  a  vacuous  space  or  vessel,  having  2G"8G  cubic  feet  of  capa- 
city— tlie  volume  of  1  !b.  of  saturated  steam  at  that  temperature — 
and  let  it  be  evaporated  into  such  steam,  then  893*8  units  of  heat 
would  be  expended  in  the  process.  ]5ut  if  a  second  pound  of  water, 
at  212  deg.,  be  injected  and  evaporated  at  the  same  temperature,  un- 
der a  uniform  pressure  of  14*7  lbs.  per  square  inch  due  to  the  tem- 
perature, the  second  pound  must  dislodge  the  first,  by  repelling  that 
pressure,  involving  an  amount  of  labor  equal  to  55,800  foot-pounds 
(that  is,  14*7  it)s.  x  144  square  inches  X  2G-36  cubic  feet),  and  an  ad- 
ditional expenditure  of  72*3  units  of  heat  (that  is,  55,800  -r-  772), 
making  a  total  for  the  second  pound  of  965'1  units. 

Similarly,  when  1408  units  of  heat  are  expended  in  raising  the  tem- 
perature of  air  at  constant  pressure,  1000  of  the  units  increase  the 
velocity  of  the  molecules,  or  produce  a  sensible  increment  of  tempe- 
rature ;  while  the  remaining  408  parts,  which  disappear  as  the  air  ex- 
pands, are  directly  expended  in  repelling  the  external  pressure. 

Again,  if  steam  be  permitted  to  flow  from  a  boiler  into  a  compara- 
tively vacuous  space,  without  giving  motion  to  another  body,  the  tem- 
perature of  the  steam  entering  this  space  would  rise  much  higher  than 
that  of  the  steam  in  the  boiler.  Or,  suppose  two  vessels  side  by  side, 
one  of  them  vacuous,  and  the  other  filled  with  air  at,  say,  two  atmo- 
spheres, a  communication  being  opened  between  the  vessels,  the  pres- 
sure would  become  equal  in  the  two  vessels ;  but  the  temperature 
would  fall  in  one  vessel  and  rise  in  the  other ;  and  although  the  air  is 
expanded  in  this  manner  to  a  double  volume,  there  would  not  on  the 
whole  be  any  appreciable  loss  of  heat,  for  if  the  separate  portions  of 
air  be  mixed  together,  the  resulting  average  temperature  of  the  whole 
would  be  very  nearly  the  same  as  at  first.  It  has  been  proved  expe- 
rimentally, corroborative  of  this  argument,  that  the  quantity  of  heat 
required  to  raise  the  temperature  of  a  given  weight  of  air  to  a  given 
extent,  was  the  same,  irrespective  of  the  density  or  volume  of  the  air. 
Regnault  and  Joule  found  that,  to  raise  the  temperature  of  a  pound 
weight  of  air  1  cubic  foot  in  volume,  or  10  cubic  feet,  the  same  quan- 
tity of  heat  was  expended. 

In  rising  against  the  force  of  gravity  steam  becomes  colder,  and 
partially  condenses  while  ascending  in  the  effort  of  overcoming  the 
resistance  of  gravity  by  the  conversion  of  heat  into  water.  For  in- 
stance, a  column  of  steam  weighing,  on  a  square  inch  of  base,  250*3 
ft)S. — that  is,  a  pressure  of  250*3  lbs.  per  square  inch — would,  at  a 
height  of  275,000  feet,  be  reduced  to  a  pressure  of  1  lb.  per  square 
inch,  and  in  ascending  to  this  height,  the  temperature  would  fall  from 
401  deg.  to  102  deg.  Fab.,  while  at  the  same  time,  nearly  25  per  cent. 
of  the  whole  vapor  would  be  precipitated  in  the  form  of  water,  if  not 
supplied  with  heat  while  ascending. 

If  a  body  of  compressed  air  be  allowed  to  rush  freely  into  the  at- 
mosphere, the  temperature  falls  in  the  rapid  part  of  the  current  by  the 
conversion  of  heat  into  motion,  but  the  heat  is  almost  all  reproduced 
when  the  motion  is  quite  subsided ;  and  from  recent  experiments  it 
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nj^pcars  tliat  nearly  similar   results  are  obtained  from  the  emission  of 
KteaiM  under  pro-sure. 

AVhen  >viiter  falls  tljrou<ili  a  f];aseous  atmosphere  its  motion  is  con- 
stantly retarded  as  it  is  brought  into  collision  witli  the  particles  of 
that  atmosphere,  and  by  this  collision  it  is  partly  heated  and  partly 
converted  into  vapor. 

If  a  body  of  water  descends  freely  through  a  height  of  VT2  ft.,  it 
acquires  from  gravity  a  velocity  of  223  ft.  per  second;  and  if  sud- 
denly brought  to  rest  when  moving  with  this  velocity,  it  would  be  vio- 
lently agitated,  and  raised  1  degree  in  temj)erature.  But  sui)pose  a 
water-wheel,  772  ft.  in  diameter,  into  the  buckets  of  which  water  is 
quietly  dropped,  when  the  water  descends  to  the  foot  of  the  fall,  and 
is  delivered  gently  into  the  tail-race,  it  is  not  sensibly  heated.  The 
greatest  amount  of  work  it  is  possible  to  obtain  from  water  falling 
from  one  level  to  another  lower  level  is  expressible  by  the  weight  of 
water  multiplied  by  the  height  of  the  fall. 

The  object  of  these  illustrative  exhibitions  of  the  nature  and  reci- 
procal action  of  heat  and  motive  power,  with  their  relations,  are — 
first,  to  familiarize  the  reader  with  the  doctrine  of  the  mechanical 
equivalence  of  heat ;  second,  to  show  that  the  nature  and  extent  of 
the  change  of  temperature  of  a  gas  while  expanding,  depends  nearly 
altogether  upon  the  circumstances  under  which  the  change  of  volume 
takes  place. 


A  Course  of  Lectures,  consisting  of  Illustrations  of  the  Various  Forces 
of  Matter,  i.e.  of  such  as  are  called  the  Physical  or  Inorganic  Forces."^ 
By  M.  Faraday,  D.  C.  L.,  F.  R.  S. 

Lecture  III.  (Jan.  4,  1860.) — Cohesion. — Chemical  Affinity. 

We  will  first  of  all  return  for  a  few  minutes  to  one  of  the  experi- 
ments which  we  made  yesterday.  You  remember  what  we  put  together 
on  that  occasion? — Powdered  alum  and  warm  water;  here  is  one  of 
those  basins  ;  nothing  has  been  done  to  it  since  then,  but  you  will  find 
on  examining  it  that  it  no  longer  contains  any  powder,  but  a  multitude 
of  beautiful  crystals.  Here  also  are  the  pieces  of  coke  which  I  put  into 
the  other  basin  ;  these  have  a  fine  mass  of  crj^stals  about  them.  That 
other  basin  I  will  leave  as  it  is ;  I  will  not  pour  the  water  from  it,  be- 
cause it  will  show  you  that  the  particles  of  alum  have  done  something 
more  than  merely  crystallize  together.  They  have  pushed  the  dirty 
matter  from  them,  laying  it  around  the  outside  or  outer  edge  of  the 
lower  crystals — squeezed  out,  as  it  were,  by  the  strong  attraction  which 
the  particles  of  alum  have  for  each  other. 

And  now  for  another  experiment.  We  have  already  gained  a  know- 
ledge of  the  manner  in  which  the  particles  of  bodies — of  solid  bodies 
— attract  each  other,  and  we  know  that  it  makes  calcareous  spar,  alum, 
and  so  forth,  crystallize  in  these  regular  forms.  Now,  let  me  gradually 
lead  your  minds  to  a  knowledge  of  the  means  we  have  of  making  this 
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attruction  altor  a  little  in  its  force ;  either  of  increasing  or  diminisli- 
in^j;,  or  apparently  of  destroyin;^  it  alto<^etlier.  I  will  take  this  piece 
of  iron  [a  rod  of  iron  about  two  feet  long  and  a  (juarter  of  an  inch  in 
diameter],  it  has  at  present  a  great  deal  of  strength,  due  to  its  attrac- 
tion of  coliesion ;  but  if  Mr.  Anderson  will  make  part  of  this  rod  hot 
in  the  fire,  we  shall  then  find  that  it  will  become  soft,  just  as  seal- 
ing-wax will  wlien  heated,  and  we  shall  also  find  that  the  more  it  is 
heated  the  softer  it  becomes.  Ah  !  but  what  does  soft  menn  ?  Why, 
that  the  attraction  between  the  particles  is  so  weakened  that  it  is  no 
longer  sufficient  to  resist  the  power  we  bring  to  bear  upon  it.  [Mr.  An- 
derson handed  to  the  Lecturer  the  iron  rod,  with  one  end  red  hot,  which 
ho  showed  could  be  easily  twisted  about  with  a  pair  of  pliers.]  You 
see,  I  now  find  no  difficulty  in  bending  this  end  about  how  I  like ; 
whereas  I  cannot  bend  the  cold  part  at  all.  And  you  know  how  the 
smith  takes  a  piece  of  iron  and  heats  it,  in  order  to  render  it  soft  for 
his  purpose ;  he  acts  upon  our  principle  of  lessening  the  adhesion  of 
the  particles,  although  he  does  not  know  exactly  the  terms  in  which 
"We  express  it. 

And  now  we  have  another  point  to  examine  ;  and  this  water  is  again 
a  very  good  substance  to  take  as  an  illustration  (as  philosophers  we 
call  it  all  water,  even  though  it  be  in  the  form  of  ice  or  steam).  Why 
is  this  water  hard?  [pointing  to  a  block  of  ice]  because  the  attraction 
of  the  particles  to  each  other  is  sufficient  to  make  them  retain  their 
place  in  opposition  to  force  applied  to  it.  But  what  happens  when  we 
make  the  ice  warm  ?  Why,  in  that  case  we  diminish  to  such  a  large 
extent  the  power  of  attraction  that  the  solid  substance  is  destroyed 
altogether.  Let  me  illustrate  this:  I  will  take  a  red-hot  ball  of  iron 
[Mr.  Anderson,  by  means  of  a  pair  of  tongs,  handed  to  the  Lecturer 
a  red-hot  ball  of  iron,  about  two  inches  diameter]  because  it  will  serve 
as  a  convenient  source  of  heat  [placing  the  red-hot  iron  in  the  centre 
of  the  block  of  ice].  You  see  I  am  now  melting  the  ice  where  the  iron 
touches  it.  You  see  the  iron  sinking  into  it,  and  while  part  of  the  solid 
"water  is  becoming  liquid,  the  heat  of  the  ball  is  rapidly  going  off.  A  cer- 
tain part  of  the  water  is  actually  rising  in  steam — the  attraction  of  some 
of  the  particles  is  so  much  diminished  that  they  cannot  even  hold  to- 
gether in  the  liquid  form,  but  escape  as  vapor.  At  the  same  time  you 
see  I  cannot  melt  all  this  ice  by  the  heat  contained  in  this  ball.  In  the 
course  of  a  very  short  time  I  shall  find  it  quite  cold. 

Here  is  the  water  w^hich  we  have  produced  by  destroying  some  of 
the  attraction  which  existed  between  the  particles  of  the  ice,  for  below 
a  certain  temperature  the  particles  of  water  increase  in  their  mutual 
attraction  and  become  ice ;  and  above  a  certain  temperature  the  attrac- 
tion decreases  and  the  water  becomes  steam.  And  exactly  the  same 
thing  takes  place  with  platinum,  and  nearly  every  substance  in  nature ; 
if  the  temperature  is  increased  to  a  certain  point  it  becomes  liquid,  and 
a  further  increase  makes  it  a  gas.  Is  it  not  a  glorious  thing  for  us  to 
look  at  the  sea,  the  rivers,  and  so  forth,  and  to  know  that  this  same 
body  in  the  northern  regions  is  all  solid  ice  and  ice-bergs,  while  here 
in  a  warmer  climate  it  has  its  attraction  of  cohesion  so  much  diminished 
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as  to  1)0  liquid  water  ?  Well,  in  diminishing  tins  forco  of  attraction  be- 
tween the  })articlos  of  ice,  we  made  use  of  another  force,  namely,  that 
of  heat,  and  I  want  you  now  to  understand  that  this  force  of  heat  is 
always  concerned  when  water  passes  from  the  solid  to  the  li(iuid  state. 
If  I  melt  ice  in  other  ways  I  cannot  do  without  heat;  (for  we  have  the 
means  of  making  ice  liquid  without  heat ;  that  is  to  say,  without  usiu" 
lieat  as  a  direct  cause.)  Suppose,  for  illustration,  I  make  a  vessel  out 
of  this  piece  of  tin  foil  [hending  the  foil  up  into  the  shape  of  a  dish], 
I  am  making  it  metallic,  because  I  want  the  heat  which  1  am  about  to 
[leal  with  to  pass  readily  tlirough  it ; — and  I  am  going  to  pour  a  little 
water  on  this  board,  and  then  place  the  tin  vessel  on  it.  Now  if  I  put 
pome  of  this  ice  into  the  metal  dish,  and  then  proceed  to  make  it  liquid 
by  any  of  the  various  means  we  have  at  our  command,  it  still  must 
take  the  necessary  quantity  of  heat  from  something,  and  in  this  case, 
it  will  take  the  heat  from  the  tray,  and  from  the  water  underneath, 
ind  from  the  other  things  round  about.  Well,  a  little  salt  added  to 
the  ice  has  the  power  of  causing  it  to  melt,  and  we  shall  very  shortly 
see  the  mixture  become  quite  fluid,  and  you  will  then  find  that  the 
ivater  beneath  will  be  frozen — frozen  because  it  has  been  forced  to  o-ive 
Lip  that  heat  which  is  necessary  to  keep  it  in  the  liquid  state,  to  the 
^ce  on  becoming  liquid.  I  remember  once,  when  I  was  a  boy,  hearing 
)f  a  trick  in  a  country  ale-house ;  the  point  was  how  to  melt  ice  in  a 
\\\^vi  pot  by  the  fire,  and  freeze  it  to  the  stool.  Well,  the  way  they 
iid  it  was  this :  they  put  some  pounded  ice  in  a  pewter  pot  and  added 
5ome  salt  to  it,  and  the  consequence  was  that  when  the  salt  was  mixed 
mill  it,  the  ice  in  the  pot  melted  (they  did  not  tell  me  anything  about 
:lie  salt,  and  they  set  the  pot  by  the  fire,  just  to  make  the  result  more 
mysterious),  and  in  a  short  time  the  pot  and  the  stool  were  frozen  to- 
gether, as  we  shall  very  shortly  find  it  to  be  the  case  here,  and  all  be- 
cause salt  has  the  power  of  lessening  the  attraction  between  the  particles 
)f  ice.  Here  you  see  the  tin  dish  is  frozen  to  the  board,  I  can  even 
ift  this  little  stool  up  by  it. 

This   experiment  then  cannot,  I  think,  fail  to  impress  upon  your 
ninds  the  fact,  that  whenever  a  solid  body  loses  some  of  that  force  of 

Fig.  1. 


ittraction  by  means  of  which  it  remains  solid,  heat  is  absorbed ;  and 
if,  on  the  other  hand  we  convert  a  liquid  into  a  solid,  e.g.^  water  into 
Lce,  a  corresponding  amount  of  heat  is  given  out.     I  think  an  experi- 
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incnt  of  this  kind  ^vill  serve  to  sliow  you  tliis.  Here  (Fig.  1)  is  a  bulb 
A,  iillcd  witli  air,  the  U\\)v,  from  Avliicli  dips  into  some  colored  licjuid  in 
the  vessel  w.  And  1  daro  s;jy  you  know  that  if  I  put  luy  hand  on  the 
bulb  A,  and  warm  it,  the  colored  liquid  which  is  now  standing  in  the 
tube  at  C  will  travel  forward.  Now  we  have  discovered  a  means,  by 
great  care  and  research  into  the  properties  of  various  bodies,  of  pre- 
j)aring  a  solution  of  a  salt  which  if  shaken  or  disturbed  will  at  once 
become  a  solid;  and  as  I  explained  to  you  just  now  (for  what  is  true 
of  wiiter  is  true  of  every  other  li(|uid),  by  reason  of  its  becoming  solid, 
heat  is  evolved,  and  I  can  make  this  evident  to  you  by  pouring  it  over 
this  bulb; — there  !  it  is  becoming  solid,  and  look  at  the  colored  li([uid, 
how  it  is  being  driven  down  the  tube,  and  how  it  is  bubbling  out  through 
the  water  at  the  end  ;  and  so  we  learn  this  beautiful  law  of  our  phi- 
losophy, that  whenever  we  diminish  the  attraction  of  cohesion  we  ab- 
sorb heat — and  whenever  we  increase  that  attraction  heat  is  evolved. 
This,  then,  is  a  great  step  in  advance,  for  you  have  learned  a  great 
deal  in  addition  to  the  mere  circumstance  that  particles  attract  each 
other.  But  you  must  not  now  suppose  that  because  they  are  liquid  they 
have  lost  their  attraction  of  cohesion ;  for  here  is  the  fluid  mercury, 
and  if  I  pour  it  from  one  vessel  into  another  I  find  that  it  will  form  a 
stream  from  the  bottle  down  to  the  glass — a  continuous  rod  of  fluid 
mercury,  the  particles  of  which  have  attraction  sufficient  to  make  them 
hold  together  all  the  way  through  the  air  down  to  the  glass  itself;  and 
if  I  pour  water  quietly  from  a  jug  I  can  cause  it  to  run  in  a  contin- 
uous stream  in  the  same  manner.  Again,  let  me  put  a  little  water  on 
this  piece  of  plate  glass,  and  then  take  another  plate  of  glass  and  put 
it  on  the  water ;  there  !  the  upper  plate  is  quite  free  to  move,  gliding 
about  on  the  lower  one  from  side  to  side ;  and  yet,  if  I  take  hold  of 
the  upper  plate  and  lift  it  up  straight,  the  cohesion  is  so  great  that 
the  lower  one  is  held  up  by  it.  See  how  it  runs  about  it  as  I  move  the 
upper  one,  and  this  is  all  owing  to  the  strong  attraction  of  the  particles 
of  the  water.  Let  me  show  you  another  experiment.  Suppose  I  take 
a  little  soap  and  water — not  that  the  soap  makes  the  particles  of  the 
water  more  adhesive  one  for  the  other,  but  it  certainly  has  the  power 
of  continuing  in  a  better  manner  the  attraction  of  the  particles  ;  (and 
let  me  advise  you,  when  about  to  experiment  with  soap  bubbles  to  take 
care  to  have  every  thing  clean  and  soapy.)  I  will  now  blow  a  bubble, 
and  that  I  may  be  able  to  talk  and  blow  a  bubble  too,  I  will  take  a 
plate  with  a  little  of  the  soap-suds  in  it,  and  will  just  soap  the  edges 
of  the  pipe,  and  blow  a  bubble  on  to  the  plate.  Now,  there  is  our 
bubble.  Why  does  it  hold  together  in  this  manner  ?  Why,  because 
the  water  of  which  it  is  composed  has  an  attraction  of  particle  for  par- 
ticle : — so  great,  indeed,  that  it  gives  to  this  bubble  the  very  power  of 
an  india-rubber  ball ;  for  you  see,  if  I  introduce  one  end  of  this  glass 
tube  into  the  bubble  that  it  has  the  power  of  contracting  so  powerfully 
as  to  force  enough  air  through  the  tube  to  blow  out  a  light  (Fig.  2) — 
there  is  a  light  blown  out.  And  look  !  see  how  the  bubble  is  disap- 
pearing ;  see  how  it  is  getting  smaller  and  smaller. 

There  are  twenty  other  experiments  I  might  show  you  to  illustrate 
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his  powor  of  the  cohesion  of  the  particles  of  liquids.  For  instance, 
vhat  would  you  propose  to  me,  if,  liaving  lost  the  stopper  out  of  this 
ilcohol  hottle,  I  should  want  to  close  it  speedily  with  something  near 
it  hand.  Well,  a  hit  of  paper  woidd  not  do,  but  a  piece  of  linen  cloth 
vould,  or  some  of  tliis  cotton  wool  which  I  have  here.  I  will  put  ii 
uft  of  it  into  the  neck  of  the  alcohol  bottle,  and  you  see  when  1  turn 
t  upside  down,  that  it  is  perfectly  well  stoppered  so  far  as  the  alcohol 
s  concerned  ;  the  air  can  pass  throu;:h  but  the  alcohol  cannot.  And 
f  I  were  to  take  an  oil  vessel  this  plan  would  do  equally  well,  f<jr  in 
brmer  times  they  used  to  send  us  oil  from  Italy  in  flasks  stoppered 
uily  with  cotton  wool  (at  the  present  time  the  cotton  is  put  in  after 
he  oil  has  arrived  here,  but  formerly  it  used  to  be  sent  so  stoppered). 
S^ow  if  it  were  not  for  the  particles  of  liquid  cohering  together,  this 
ilcohol  would  run  out,  and  if  I  had  time  I  could  have  shown  you  a 
vessel  with  the  top,  bottom,  and  sides  altogether  formed  like  a  sieve, 
md  yet  it  would  hold  water  owing  to  this  cohesion. 

You  have  now  seen  that  the  solid  water  can  become  fluid  by  the  ad- 
lition  of  heat,  owing  to  this  lessening  the  attractive  force  between  its 
3articles,  and  vet  vou  see  that  there  is  a  f^ood  deal  of  attractive  force 
•cmaiuing  behind.     I  want  now  to  take  you  a  step  beyond  that.     AVe 
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;aw  that  if  we  continued  applying  heat  to  the  water  (as  indeed  hap- 
)ened  with  our  piece  of  ice  here)  that  we  did  at  last  break  up  that  at- 
raction  which  holds  the  liquid  together,  and  I  am  going  to  take  some 
'ther  (any  other  liquid  would  do,  but  ether  makes  a  better  experiment 
or  my  purpose)  in  order  to  illustrate  what  will  happen  when  this  co- 
lesion  is  broken  up.  Xow  this  liquid  ether,  if  exposed  to  a  very  low 
emperature,  will  become  a  solid,  but  if  we  apply  heat  to  it,  it  becomes 
-apor,  and  I  want  to  show  you  the  enormous  bulk  of  the  substance  in 
his  new  form  : — when  we  make  ice  into  water,  we  lessen  its  bulk,  but 
vhen  we  convert  water  into  steam,  we  increase  it  to  an  enormous  ex- 
ent.  You  see  it  is  very  clear  that  as  I  apply  heat  to  the  liquid  I  di- 
ninish  its  attraction  of  cohesion — it  is  now  boiling,  and  I  will  set  fire 
:d  the  vapor,  so  that  you  may  be  enabled  to  judge  of  the  space  occu- 
pied by  the  ether  in  this  form  by  the  size  of  its  flame,  and  you  now 
see  what  an  enormously  bulky  flame  I  get  from  that  small  volume  of 
?ther  below.  The  heat  from  the  spirit  lamp  is  now  being  consumed, 
lot  in  making  the  ether  any  warmer,  but  in  converting  it  into  vapor, 
md  if  I  desired  to  catch  this  vapor  and  condense  it  (as  I  could  without 
nuch  diflBcultv),  I  would  have  to  do  the  same  as  if  I  wished  to  convert 
steam  into  water  and  water  into  ice ;  in  either  case  it  would  be  neces- 
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sary  to  increase  the  attraction  of  tlio  particles,  by  cold  or  otherwise. 
So  lar<j:oly  is  the  bulk  occupied  by  tlie  particles  increased  by  giving 
them  this  dinunishcd  attraction,  that  if  I  were  to  take  a  portion  of 
water  a  cubic  inch  in  bulk  (a  Fig.  3)  I  should  produce  a  volume  of 
steam  of  that  size  \\  [1700  cubic  inches  ;  nearly  a  cubic  foot],  so  great- 
ly is  the  attraction  of  cohesion  diminished  by  heat ;  and  yet  it  still  re- 
mains water.  You  can  easily  imagine  the  conseciuences  which  are 
due  to  this  change  in  volume  by  heat — the  mighty  powers  of  steam  and 
the  tremendous  explosions  which  are  sometimes  produced  by  this  force 
of  water.  I  want  you  now  to  see  another  experiment  which  will  ])er- 
liaps  give  you  abetter  illustration  of  the  bulk  occupied  by  a  body  when 
in  the  state  of  vapor.  Here  is  a  substance  which  we  call  iodine,  and 
I  am  about  to  submit  this  solid  body  to  the  same  kind  of  condition  as 
regards  heat  that  I  did  the  Avater  and  the  ether  [putting  a  few  grains  of 
iodine  into  a  hot  glass  globe,  which  immediately  became  filled  with  the 
violet  vapor],  and  you  see  the  same  kind  of  change  produced.  Moreover, 
it  gives  us  the  opportunity  of  observing  how  beautiful  is  the  violet-color- 
ed vapor  from  this  black  substance,  or  rather  the  mixture  of  the  vapor 
■with  air  (for  I  would  not  wish  you  to  understand  that  this  globe  is  en- 
tirely filled  with  the  vapor  of  iodine). 

If  I  had  taken  mercury  and  converted  it  into  vapor  (as  I  could  easily 
do),  I  should  have  a  perfectly  colorless  vapor,  for  you  must  understand 
this  about  vapors,  that  bodies  in  what  we  call  the  vaporous  or  gaseous 
state,  are  always  perfectly  transparent,  never  cloudy  or  smoky;  they 
are,  however,  often  colored,  and  we  can  frequently  have  colored  vapors 
or  gases  produced  by  colorless  particles  themselves  mixing  together, 
as  in  this  case  [the  Lecturer  here  inverted  a  glass  cylinder  full  of  bin- 
oxide  of  nitrogen  over  a  cylinder  of  oxygen,  when  the  dark  red  vapor 
of  hyponitric  acid  was  produced].  Here  also  you  see  a  very  excellent 
illustration  of  the  effect  of  some  power  of  nature  which  we  have  not 
yet  come  to,  but  which  stands  next  on  our  list — Chemical  Affinity. 
And  thus  you  see  we  can  have  a  violet  vapor  or  an  orange  vapor,  and 
different  other  kinds  of  vapor,  but  they  are  always  perfectly  transpa- 
rent, or  else  they  would  cease  to  be  vapors. 

I  am  now  going  to  lead  you  a  step  beyond  this  consideration  of  the 
attraction  of  the  particles  for  each  other.  You  see  we  have  come  to 
understand  that  (to  take  water  as  an  illustration)  whether  it  be  ice,  or 
water,  or  steam,  it  is  always  to  be  considered  by  us  as  water.  "Well, 
now  prepare  your  minds  to  go  a  little  deeper  into  the  subject.  We 
have  means  of  searching  into  the  constitution  of  water  beyond  any  that 
<ire  afforded  us  by  the  action  of  heat,  and  among  these  one  of  the  most 
important  is  that  force  which  we  call  voltaic  electricity,  which  we  used 
at  our  last  meeting  for  the  purpose  of  obtaining  light,  and  which  we 
carried  about  the  room  by  means  of  these  wires.  This  force  is  pro- 
duced by  the  battery  behind  me,  to  which,  however,  I  will  not  now  re- 
fer more  particularly;  before  we  have  done  we  shall  know  more  about 
this  battery,  but  it  must  grow  up  in  our  knowledge.  Now  here  (Fig. 
4)  is  a  portion  of  water  in  this  little  vessel  c,  and  besides  the  water 
there  are  two  plates  of  the  metal  platinum,  which  are  connected  with 
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the  wires  AB,  cominfir  outside,  and  I  ^v:mt  to  examine  tliat  water,  and 
the  state  and  tlie  eondition  in  ^vlIicll  its  particdcs  are  anan;:(Ml.  If  I 
were  to  aj>ply  heat  to  it  you  know  what  we  should  get,  it  would  assume 


the  state  of  vapor,  but  it  would  nevertlieless  remain  water,  and  would 
return  to  the  li([uid  state  as  soon  as  the  heat  was  removed.  Now  by 
means  of  these  wires  (wdiich  are  connected  with  the  battery  behind  me, 
and  come  under  the  floor  and  up  through  the  table)  we  shall  have  a 
certain  amount  of  this  new  power  at  our  disposal.  Here  you  see  it  is 
[causing  the  ends  of  the  wires  to  touch] — that  is  the  electric  light  we 
used  yesterday,  and  by  means  of  these  wires  we  can  cause  water  to 
submit  itself  to  this  power ;  for  the  moment  I  put  them  into  metallic 
connexion  at  A  and  B,  you  see  the  water  boiling  in  that  little  vessel  c, 
and  you  hear  the  bubbling  of  the  gas  that  is  going  through  the  tube  D. 
See  how  I  am  converting  the  water  into  vapor,  and  if  I  take  a  little 
vessel  E,  and  fill  it  with  water,  and  put  it  in  the  trough  over  the  end 
of  the  tube  D,  there  goes  the  vapor  ascending  into  the  vessel.  And 
yet  that  is  not  steam,  for  you  know  that  if  steam  is  brought  near  cold 
water,  it  would  at  once  condense,  and  return  back  again  to  water; 
this,  then,  cannot  be  steam,  for  it  is  bubbling  through  the  cold  water 
in  this  trough,  but  it  is  a  vaporous  substance,  and  we  must  therefore 
examine  it  carefully,  to  see  in  what  way  the  water  has  been  changed. 
And  now,  in  order  to  give  you  a  proof  that  it  is  not  steam,  I  am  going 
to  show  you  that  it  is  combustible,  for  if  I  take  this  small  vessel  to  a 
light,  the  vapor  inside  explodes  in  a  manner  that  steam  could  never  do. 
I  will  now  fill  this  large  bell-jar  F  with  water;  and  I  propose  letting 
the  gas  ascend  into  it,  and  I  will  then  show  you  that  we  can  reproduce 
the  water  back  again  from  the  vapor  or  air  that  is  there.  Here  is  a 
strong  glass  vessel  G,  and  into  it  we  will  let  the  gas  from  F  pass.  We 
will  tlien  fire  it  by  the  electric  spark,  and  then  after  the  explosion  you 
will  find  that  we  have  got  the  water  back  again ;  it  will  not  be  much, 
however,  for  you  will  recollect  that  I  showed  you  how  small  a  portion 
of  water  produced  a  very  large  volume  of  vapor.  Mr.  Anderson  will 
now  pump  all  the  air  out  of  this  vessel  G,  and  when  I  have  screwed  it 
on  to  the  top  of  our  jar  of  gas  F,  you  will  see  upon  opening  the  stop- 
cocks h'iiii,  the  water  will  jump  up,  showing  that  some  of  the  gas  has 
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passed  into  the  glass  vessel.  I  Nvill  now  shut  these  stop-cocks,  and  we 
shall  1)0  able  to  send  the  electric  spark  tliron<^^]i  the  gas  l)y  means  of 
the  wires  IK  in  tlie  upper  ])art  of  the  vessel,  and  yoii  will  sec  it  burn 
"with  a  most  intense  ilash.  [Mr.  Anderson  here  brought  a  Lcyden  jar, 
which  he  discharged  through  the  confined  gas  by  means  of  the  wires 
IK.]  You  saw  the  flash,  and  now,  that  you  may  see  that  there  is  no 
longer  any  gas  remaining,  if  I  place  it  over  the  jar  and  open  the  stop- 
cocks again,  up  will  go  the  gas,  and  we  can  have  a  second  combustion  ; 
and  so  1  might  go  on  again  and  again,  and  I  should  continue  to  accu- 
mulate more  and  more  of  the  water  to  which  the  gas  has  returned. 
Now  is  not  this  curious; — in  this  vessel  C  we  can  go  on  making  from 
water  a  large  bulk  of  permanent  gas,  as  we  call  it,  and  then  we  can 
reconvert  it  into  water  in  this  way.  [Mr.  Anderson  brought  in  another 
Leyden  jar,  which,  however,  from  some  cause  would  not  ignite  the  gas. 
It  was  therefore  recharged,  when  the  explosion  took  place  in  the  de- 
sired manner.]  How  beautifully  we  get  our  results  when  we  are  right 
in  our  proceedings! — it  is  not  that  Nature  is  wrong  when  we  make  a 
mistake.  Now  I  will  lay  this  vessel  G  down  by  my  right  hand,  and 
you  can  examine  it  by-and-by;  there  is  not  very  much  water  flowing 
down,  but  there  is  quite  sufficient  for  you  to  see. 

Another  wonderful  thinf^  about  this  mode  of  chanfj-injx  the  condition 
of  the  water  is  this — that  we  are  able  to  get  the  separate  parts  of  which 

it  is  composed,  at  a  distance  the  one  from 
the  other,  and  to  examine  them,  and  see 
what  they  are  like,  and  how  many  of  them 
there  are;  and  for  this  purpose  I  have  here 
some  more  water  in  a  slightly  diff*erent  appa- 
ratus to  the  former  one  (Fig.  5),  and  if  I 
place  this  in  connexion  with  the  wires  of 
the  battery  at  A  B,  I  shall  o:et  a  similar  de- 
!^^^^g^g/fflg!'^^'i^p^)  composition  of  the  water  at  the  two  platinum 
,  --  Y^^  J  pi^^^g^     Now  I  will  put  this  little  tube  0 

over  there,  and  that  will  collect  the  gas  to- 
gether that  comes  from  the  side  A,  and  this  tube  H  will  collect  the  gas 
that  comes  from  the  other  side  B,  and  I  think  we  shall  soon  be  able 
to  see  a  diff'erence.  In  this  apparatus  the  Avires  are  a  good  way  apart 
from  each  other,  and  it  now  seems  that  each  of  them  is  capable  of 
drawing  off"  particles  from  the  water  and  sending  them  off",  and  you 
see  that  one  set  of  particles,  H,  is  coming  off"  twice  as  fast  as  those  col- 
lected in  the  other  tube  o.  Something  is  coming  out  of  the  water  there 
at  H  w^iicli  burns  [setting  fire  to  the  gas],  but  what  comes  out  of  the 
water  here  at  0,  although  it  will  not  burn,  will  support  combustion  very 
vigorously  [the  Lecturer  here  placed  a  match  with  a  glowing  tip  in  the 
gas,  when  it  immediately  rekindled]. 

Here,  then,  we  have  two  things,  neither  of  them  being  water  alone, 
but  which  we  get  out  of  the  water.  Water  is  therefore  composed  of 
two  substances  different  to  itself,  which  appear  at  separate  places 
when  it  is  made  to  submit  to  the  force  which  I  have  in  these  wires,  and 
if  I  take  an  inverted  tube  of  water  and  collect  this  gas,  n,  you  will 
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see  that  it  is  by  no  means  the  same  as  the  one  we  collecte<l  in  tlie  former 
apparatus  (Fi;:;.  4).  Tliat  e.\])l<)(U'(l  Avitli  a  loud  noise  when  it  was 
liij^litoil,  but  this  will  burn  (piite  noiselessly — it  is  called  //^(frot/en  ;  and 
the  other  we  call  oxyijen — that  gas  which  so  beautifully  brightens  up 
all  combustion  but  does  not  burn  of  itself.  So  now  we  see  that  water 
consists  of  two  kinds  of  particles  attracting  each  other  in  a  very  differ- 
ent manner  to  the  attraction  of  gravitation  or  cohesion,  and  this  new  at- 
traction we  call  chemical  affinity^  or  the  force  of  chemical  action  between 
different  bodies;  we  are  now  no  longer  concerned  with  the  attraction  of 
iron  for  iron,  water  for  water,  wood  for  wood,  or  like  bodies  for  each 
other,  as  we  were  when  dealing  with  the  force  of  cohesion  ;  we  are 
dealing  with  another  kind  of  attraction, — the  attraction  between  par- 
ticles of  a  different  nature  one  to  the  other.  Chemical  affinity  depends 
entirely  upon  the  energy  with  which  particles  of  diff'erent  kinds  attract 
each  other.  Oxygen  and  113'drogen  are  particles  of  different  kinds, 
and  it  is  their  attraction  to  each  other  which  makes  them  chemically 
combine  and  produce  water. 

I  must  now  show  you  a  little  more  at  large  what  chemical  affinity  is. 
I  can  prepare  these  gases  from  other  substances  as  well  as  from  water; 
and  we  will  now  prepare  some  oxygen  :  here  is  another  substance  which 
contains  oxygen — chlorate  of  potash  ;  I  will  put  some  of  it  into  this 
glass  retort,  and  Mr.  Anderson  will  apply  heat  to  it ;  we  have  here 
different  jars  filled  with  water,  and  when  by  the  application  of  heat 
the  chlorate  of  potash  is  decomposed,  we  will  displace  the  water,  and 
fill  the  jars  with  gas. 

Now  when  water  is  opened  out  in  this  way  by  means  of  the  battery; 
■which  adds  nothing  to  it  materially,  which  takes  nothing  from  it  ma- 
terially (I  mean  no  matter^  I  am  not  speaking  o^  force),  which  adds  no 
matter  to  the  water  ;  it  is  changed  in  this  way — the  gas  which  you  saw 
burning  a  little  while  ago,  called  hydrogen,  is  evolved  in  large  quan- 
tity, and  the  other  gas,  oxygen,  is  evolved  in  only  half  the  quantity, 

Oxygen,  .  .  .  88-9 

Hydrogen,    .  .  ,  111 

Water,  .  .  .         1000 

SO  that  those  two  areas  represent  water,  and  those  are  always  the  pro- 
portions between  the  two  gases.  But  oxygen  is  sixteen  times  the  weight 
of  the  other — eight  times  as  heavy  as  the  particles  of  hydrogen  in  the 
water  ;  and  you  therefore  know  that  water  is  composed  of  nine  parts 
by  weight — one  of  hydrogen  and  eight  of  oxygen,  thus  : 

Hydrogen,         .  .         46-2  cub.  ins.      .  .         =1  grain. 

Oxygen,     .  .  23-1          •'  .  =8      " 

Water,  .  {steam)  69-3         "  .  .         =9      " 

Now  Mr.  Anderson  has  prepared  some  oxygen,  and  we  will  proceed 
to  examine  what  is  the  character  of  this  gas.  First  of  all,  you  remem- 
ber I  told  you  that  it  does  not  burn,  but  that  it  affects  the  burning  of 
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other  ])0(lics.  I  will  just  set  fire  to  the  point  of  this  little  hit  of  wood, 
and  then  plunge  it  into  the  j;ir  of  oxy<^cn,  and  you  will  sec  what  this  ^as 
does  in  increasing];  the  hrillian(;y  of  the  combustion.  It  does  not  burn, 
it  does  not  take  lire  as  the  hydrogen  would,  but  how  vividly  the  com- 
bustion of  the  match  goes  on.  Again,  if  I  were  to  take  this  wax  taper 
and  light  it,  and  turn  it  upside  down  in  the  air,  it  would,  in  all  proba- 
bility ])ut  itself  out,  owing  to  the  wax  running  down  into  the  wick  [the 
Fi<;.  G.  Lecturer  here  turned  the  lighted  taper  upside  down, 

when  in  a  few  seconds  it  went  out].  Now  that  will  not 
happen  in  oxygen  gas  ;  you  will  see  how  differently 
it  acts  (Fig.  G)  [the  taper  was  again  lighted,  turned 
upside  down,  and  then  introduced  into  a  jar  of  oxygen]. 
Look  at  that !  see  how  the  very  wax  itself  burns,  and 
falls  down  in  a  dazzling  stream  of  fire,  so  powerfully 
does  the  oxygen  support  combustion.  Again,  here 
_^  is  another  experiment  which  will  serve  to  illustrate 
the  force,  if  I  may  so  call  it,  of  oxygen.  I  have  here 
a  circular  flame  of  spirit  of  wine,  and  with  it  I  am  about  to  show  you 
the  way  in  which  iron  burns,  because  it  will  serve  very  well  as  a  com- 
parison between  the  effect  produced  by  air  and  oxygen.  If  I  take  this 
ring  flame,  I  can  shake,  by  means  of  a  sieve,  the  fine  particles  of  iron 
filings  through  it,  and  you  will  see  the  way  in  which  they  burn  [the 
Lecturer  here  shook  through  the  flame  some  iron  filings,  which  took  fire 
and  fell  through  with  beautiful  scintillations].  But  if  I  now  hold  the 
flame  over  a  jar  of  oxygen  [the  experiment  was  repeated  over  a  jar  of 
oxygen,  w^hen  the  combustion  of  the  filings  as  they  fell  into  the  oxygen 
became  almost  insupportably  brilliant],  you  see  how  wonderfully  dif- 
ferent the  eff'ect  is  in  the  jar,  because  there  we  have  oxygen  instead  of 
common  air. 

(To  be  Continued.) 


On  the  Influence  of  White  Light,  of  the  different  Colored  Mays,  and 
of  Darkness,  07i  the  Development,  Growth,  and  Nutrition  of  Ani- 
nials,*^     By  Horace  Dobell,  M.  D.,  &c. 

The  apparatus  used  in  the  following  experiments  was  described  in 
my  Paper ;  but  in  the  present  instance,  only  two  of  the  cells  were 
employed,  viz  ;  that  exposed  to  ordinary  white  light,  and  that  from 
which  all  light  is  excluded.  In  order  more  effectually  to  prevent  the 
possible  admission  of  light,  the  following  precautions  were  adopted 
with  the  dark  cell ; — 1.  The  perforated  zinc  floor  was  covered  with 
thick  brown  paper.  2.  The  under  surface  of  the  lid  was  lined  with 
black  cloth,  to  secure  accurate  adjustment  when  shut.  3.  The  opaque 
black  glass  was  covered  with  an  additional  coat  of  black  oil-paint. 
4.  The  lid  was  never  opened  in  any  light  except  that  of  a  candle  or 
of  gas. 

March  20^7i,  1859. — A  number  of  ova  of  the  silk-worm  (Bomhyx 
mori\  all  of  the  same  age,  were  placed  in  each  of  the  two  cells.    No 

*  From  the  Lend.  Ed.  and  Dub.  Phil.  Mag.,  June,  1860. 
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change  was  observed  until  Mai/  18th  (sixty  days  after  the  commence- 
ment of  the  experiments),  when  one  hirva  emerged  from  the  ovum  in 
each  cell ;  and  during  twelve  days,  larvic  continued  to  emer'^e  in  the 
light  and  in  the  dark  at  the  same  rate. 

June  IV//.— Sixteen   larviv^,  as  nearly  as  possible  of  the  same  size 
were  selected  in  each  cell,  and   tlie  rest  removed.     The  experiments 
then  proceeded  with  these  thirty-two  individuals,  and  no  death  occur- 
red from  first  to  last. 

The  following  Table  shows  the  day  on  which  each  larva  bc^an  to 
spin;  the  day  on  which  the  perfect  insect  escaped  from  the  pupa;  and 
hence  the  number  of  days  occupied  by  the  metamorphosis. 


Light. 

Darkness. 

Day  of 

bi'^iniiiiig 

Day  of 

escajK'  of 
tlu'  Mdth, 

Number  of  days 

occiipicd  by  iiietu- 

inorphofjis. 

Day  of 

boi^inning 
to  cpin. 

Day  of 

oscapf  of 
tne  Moth. 

Number  of  dayg 

OCcu|)ioil  by  iiieta- 

nioi'])bu«i:H. 

July    1 
"     2 

July    18 
"       19 

18  'Jays  inclusive 
18     "         " 

June  30 
"     30 

July     18 

"     18 

19  days  inclusive. 
19     " 

"     2 

"     19 

18     «         " 

"     30 

•'     18 

19     "             " 

"     2 

"     18 

17     " 

"     30 

"     18 

19     «             « 

"     2 

"     18 

17     " 

♦«     30 

"     21 

22     **             " 

"     2 

"     19 

18     u         « 

July       I 

'«     18 

18     «              «• 

«     2 

«     19 

18     «         " 

1 

"     18 

18     "             «« 

"     3 

"     19 

17     "         " 

"        2 

"     18 

17     "             « 

"     3 

"     21 

19     *• 

"        2 

"     19 

18     «              " 

u     4 

"     20 

17     "         « 

2 

"     20 

19     «             " 

«     4 

"     20 

17     "         " 

2 

"     19 

18     "             « 

"     4 

"     20 

17     "         « 

«       2 

"     20 

19     "             « 

«     4 

••     21 

18     "         «* 

«        2 

"     21 

20     "             " 

..     4 

"     21 

18     "         « 

3 

"     21 

19     "             « 

"     5 

"     21 

17     "         " 

3 

"     20 

18     '*             « 

«     6 

"     24 

19     "         " 

"       4 

«     21 

18     ♦*             « 

From  this  it  is  seen  that  the  mean  period  occupied  by  the  meta- 
morphosis in  the  darkened  cell  was  eighteen  days  fifteen  hours,  and 
in  the  light  cell  seventeen  days  sixteen  hours. 

The  longest  and  shortest  periods  in  the  darkened  cell,  twenty-two 
lays  and  seventeen  days,  in  the  light  cell,  nineteen  days  and  seventeen 
lays. 

June  9th. — On  selection  of  sixteen  of  the  largest  larvae  from  the 
nhabitants  of  each  cell,  it  was  noted  that,  when  sixteen  were  selected 
rom  the  darke^ied  cell  and  several  of  similar  size  removed,  only  four 
!0uld  be  found  as  large  in  the  white  cell;  the  remaining  twelve  select- 
id  were  therefore  of  a  rather  smaller  size.  This  difference  in  the  two 
lells  became  less  obvious  afterwards,  but,  throughout  the  experiments, 
here  w^as  a  slight  difference  of  size  in  favor  of  the  darkened  cell. 

With  these  exceptions,  no  difference  could  be  detected  between  the 
esults  obtained  in  the  cell  from  which  light  was  completely  excluded 
,nd  in  that  exposed  to  its  full  influence. 

The  larvae,  the  silk  produced,  and  the  moths  from  the  two  cells, 
rhen  placed  side  by  side,  could  not  be  distinguished  from  one  another. 

The  ova  were  of  the  same  color  when  first  deposited,  and  under- 
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went  tlie  same  changes  of  appearance,  at  the  same  time,  in  the  dark 
and  in  the  light. 

So  far,  therefore,  as  the  direct  agency  of  light  is  concerned  in  the 
development,  growtli,  nutrition,  and  c{>loration  of  animals,  the  results 
of  these  experiments  closely  corres[)ond  with  those  already  recorded 
in  my  Paj)er. — Vlill.  May.  s.  4.  vol.  xviii,  p.  143. 

For  the  Journal  of  the  Franklin  Institute. 

Ohservatioiu  on  the  Eclipse  of  July  11th,  18G0. 

The  following  observations  of  the  eclipse  of  the  sun,  July  17,  18G0, 
were  made  at  Germantown,  Penna.  Lat.  of  observatory,  40°  V  89'', 
Long.  5°  0'  41-9''. 

The  instrument  used  was  a  good  refractor,  and  the  time  is  that 
shown  by  an  astronomical  clock  regulated  by  a  transit  instrument. 

The  morning  was  clear,  and  in  every  respect  favorable  to  observa- 
tion. 

Time  of  first  contact,  19'»  5'"  00^     Thcrmom.  in  sun,     96° 
Greatest  obscuration,  20   4    18*5  ''  "  89 

End  of  eclipse,  21    3    37  "  "  106-5 

The  mean  height  of  the  thermometer  in  the  sun  during  the  eclipse, 

ewas  101-25°,  which  point,  it  is  fair  to  suppose, 
it  would  have  reached  at  20  h.  4  m.  18-5  s.  un- 
der ordinary  circumstances,  and  therefore  that 
a  modification  of  temperature  of  12*25°  w^as 
produced  by  the  interception  of  the  sun's  rays 
at  the  middle  of  the  eclipse. 
The  figure,  which  is  taken  from  a  drawing 
of  the  image  thrown  upon  the  ground  glass  of 
a  camera  obscura  at  the  time  of  greatest  ob- 
scuration, shows  five  digits  eclipsed. 

N.  B.  It  may  not  be  amiss  in  this  connexion  to  make  some  allusion 
to  the  very  extraordinary  atmospheric  phenomenon  of  Friday  evening, 
the  20th  inst. 

About  9J  o'clock,  P.  M.,  a  luminous  body  nearly  the  size  of  the  full 
moon  when  setting,  appeared  in  the  western  heavens,  at  an  elevation 
of  about  25°,  shedding  a  brilliant  light  upon  all  terrestrial  objects. 
It  moved  with  moderate  velocity  in  a  north-easterly  direction,  pre- 
serving its  parallelism  with  the  horizon  almost  throughout  its  course, 
upon  reaching  the  centre  of  which  it  divided,  without  any  perceptible 
report  however,  into  several  lesser  bodies,  following  each  other  at 
short  intervals,  gradually  diminishing  and  leaving  sparks  in  their  train, 
until  lost  in  the  east  in  one  single  bright  star,  about  the  diameter  of 
the  planet  Mars,  as  it  now  appears. 

It  is  not  a  little  remarkable  that,  notwithstanding  the  large  number 
of  persons  who  witnessed  this  phenomenon,  singular  coincidence  pre- 
vailed in  their  impressions  with  regard  to  its  magnitude,  velocity,  du- 
ration, &c.:  thus  contradicting  the  common  assertion  that  no  two  men 
see  the  same  thing  alike.  W. 


Germantown. 
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Description  of  a  Patent  Blast  Gas  Furnace,^    By  J.  J.  CiRIFFIN, 

F.  C.  S. 

fContinucil  from  pajjc  101.) 
Gas  Furnace  Itcatcd  at  the  bottom. — In  tliis  furnace  tlic  parts  arc 
the  same  as  those  marked  a,  b,  c,  (/,  c,  c,  in  Fi<^.  2  ;  but  tlic  ^as-burner 
is  in  this  case  put  into  the  bottom  of  the  furnace  instead  of  the  top, 
and  the  arrangement  of  the  crucible  and  its  support  is  altered.  Upon 
the  centre  of  the  clay  plate  (7,  the  perforated  j)lumhapro  cylinder  and 
cover,  Nos.  5  and  7  are  placed  ;  and  upon  them  a  })lumbago  crucible, 
No.  10.  The  size  of  the  crucible,  and  the  height  of  the  perforated 
cylinder,  are  to  be  so  adjusted  that  the  bottom  of  the  crucible  shall  be 
struck  by  the  hottest  part  of  the  gas  flame  ;  that  is  to  say,  the  space 
left  betAveen  the  face  of  the  gas-burner  and  the  bottom  of  the  crucible 
must  not  exceed  2}  inches.  The  crucible  is  provided  with  a  closely 
fitting  cover,  and  pebbles  are  then  filled  in  between  the  crucible  jacket 
and  the  furnace  cylinder,  and  are  covered  over  the  crucible  until  both 
the  pieces  of  the  furnace  e  e,  are  filled.  The  gas  is  then  lighted,  the 
blast  of  air  is  set  on,  the  gas-burner  is  forced  up  into  the  hole  in  the 
clay  plate  d,  and  the  operation  proceeds.  In  from  ten  to  twenty  minutes 
after  the  gas  is  lighted — this  difference  of  time  depending  upon  the 
size  of  the  furnace,  and  the  weight  of  the  metal  contained  in  the  cru- 
cible— the  interior  of  the  lower  cylinder  e,  acquires  a  white  heat.  The 
progress  of  the  operation  can  be  watched  by  occasionally  removino^ 
the  stone  peg  in  the  trial-hole  of  the  furnace  cylinder  e.  The  heat 
very  slowly  ascends  into  the  upper  cylinder,  and  it  never  becomes  so 
great  in  the  upper  as  in  the  lower  cylinder.  The  greatest  fusing  power 
of  the  furnace  is  confined  within  a  vertical  space  of  about  six  inches, 
reckoning  from  the  bottom.  The  power  of  flint  pebbles  to  abstract 
heat  from  the  gases  which  pass  through  this  apparatus  is  quite  remark- 
able. When  about  six  inches  of  pebbles  lie  above  the  crucible,  and 
the  crucible  and  the  pebbles  about  it  have  been  white  hot  for  half  an 
hour,  the  hand  can  be  held  over  the  top  of  the  furnace,  within  a  few 
inches  of  the  pebbles,  without  inconvenience.  It  becomes  wetted  with 
the  vapor  which  rises  from  the  furnace,  but  feels  only  a  moderate  de- 
gree of  heat. 

This  form  of  the  furnace  is  attended  by  the  inconvenience  that  you 
cannot  examine  the  condition  of  the  matter  contained  in  the  crucible, 
to  ascertain  when  the  heat  has  been  continued  long  enough.  In  cases 
where  the  fusion  is  performed  repeatedly  on  the  same  weight  of  metal, 
this  would  be  of  no  importance,  because  the  power  of  the  furnace  is  so 
steady  a'nd  regular,  that  the  time  of  firing  which  has  been  found  to  an- 
swer once  will  answer  the  same  purpose  again. 

When  it  is  supposed  that  the  fusion  of  the  metal  submitted  to  trial 
is  completed,  the  gas  is  first  to  be  turned  off,  and  then  the  supply  of 
air  stopped.  You  can  either  allow  the  furnace  to  remain  intact  till  it 
is  cold,  or  lift  off  the  cylinders  e  e,  with  tongs,  and  allow  the  hot  stones 
to  fall  into  the  iron  pan  placed  below  the  furnace  to  receive  them.  A 

*  From  the  Lond.  Chemical  News,  No.  4. 
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few  l)ri(;k.s  should  l)c  laid  between  the  pan  and  the  table  or  stool  on 
wliicli  it  rests,  if  the  latter  is  made  of  wood  ;  because  the  heat  given 
olf  by  the  pebbles  is  very  great.  The  pebbles  being  raked  away  from 
the  crueiblc,  the  contents  of  the  latter  can  be  examined. 

The  absolute  sizes  of  the  furnaces  depend  upon  the  amount  of  work 
rec^uired  from  them.  The  fusions  described  below  were  mostly  made 
in  a  furnace  of  six  inches  internal  diameter,  a  few  in  a  furnace  of  four 
inches  internal  diameter,  and  one  or  two  in  a  furnace  of  eight  inches 
internal  diameter  ;  all  of  them  with  a  gas-burner  of  sixteen  holes,  and 
a  supj)ly  of  gas  obtained  from  a  half-inch  pipe.  A  large  furnace 
"with  an  internal  diameter  of  twelve  inches,  will  demand  a  gas-burner 
of  twenty-six  holes,  and  a  supply  of  gas  from  a  pipe  of  nearly  one 
inch  in  the  bore. 

Examples  of  Fusions  effected  hy  the  Blast  Gas  Furnace. — Tlie  fus- 
ing points  of  certain  metals  have  been  fixed  by  Daniell  at  the  following 
temperatures : — 


Silver,  .         .         1873°  F. 

Gold,       .         .         .     2016° 


Copper,  .         .         1996°  F. 

Cast  Iron,  .         .     2786° 


Brass,  with  25  per  cent,  of  zinc,  at  1750°  F. 

All  these  metals  melt  readily  in  the  gas  furnace.  Quantities  of  3 
lbs.  of  copper  or  cast  iron  can  be  completely  fused  in  fifteen  minutes 
in  a  six-inch  furnace.  Quantities  of  8  or  10  lbs.  of  copper  or  cast  iron 
can  be  completely  fused  into  a  homogeneous  mass  in  a  six-inch  or  eight- 
inch  furnace  within  one  hour,  using  a  sixteen-hole  burner,  and  a  supply 
of  gas  from  a  half-inch  pipe. 

In  a  furnace  of  the  same  size  I  have  fused  45  ounces  of  nickel,  and 
in  other  experiments  I  have  produced  masses  of  wrought  iron  weighing 
18  ounces,  28  ounces,  40  ounces.  The  piece  of  18  ounces  was  perfectly 
fused.  The  piece  of  30  ounces  was  not  quite  fused,  the  crucible  having 
melted,  and  stopped  the  operation.  I  have  also  fused  cobalt,  and  re- 
duced it  to  the  metallic  state  from  the  peroxide  by  ignition  with  char- 
coal. The  time  required  for  the  fusion  of  these  refractory  metals  is 
from  one  and  a  half  to  two  hours. 

Scraps  of  platinum  can  be  fused  into  a  porous  mass,  but  not  into 
a  solid  homogeneous  bead,  I  have  mentioned  that  thin  platinum  wires 
fuse  readily  in  the  free  flame  of  the  gas-jet  produced  by  the  burner 
(Fig.  1) ;  but  when  the  jet  plays  upon  a  quantity  of  the  metal  con- 
tained in  a  crucible  the  relations  of  power  and  eff'ect  are  difi"erent. 

When  the  metals  to  be  melted  are  such  as  do  not  undergo  oxidation, 
the  method  of  action  represented  by  Fig.  2  is  most  convenient.  In 
this  manner  gold  can  be  readily  melted,  and  by  removing  the  gas- 
burner  the  melted  metal  can  be  stirred.  When  the  action  of  oxygen 
is  to  be  avoided,  the  crucible  must  have  a  cover,  which  in  some  cases 
should  be  securely  luted  to  it. 

Choice  of  Crucibles. — The  experiments  above  referred  to  were  made 
"with  coal  gas  at  the  ordinary  pressure,  and  with  a  blast  of  cold  atmos- 
pheric air.  Greater  effects  can  be  produced  by  the  use  of  oxygen  gas, 
or  of  heated  atmospheric  air.  But  a  difficulty  stands  in  the  way  of 
the  use  of  these  greater  degrees  of  heat  in  the  want  of  crucibles  capa- 
ble of  enduring  their  action. 
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With  col«l  atmos])licric  air,  pure  nickel  and  pure  iron  dissolve  every 
kind  of  i^iliceous  cruciiile,  and  it  is,  tlierefore,  nee<lk'ss  to  heat  the  air 
or  to  prepare  oxyfren  till  a  superior  kind  of  crucible  is  ohtainahle.  At 
present,  these  metals  can  only  be  nielte«l  in  pluniba«^o  crucibles,  which 
necessarily  communicate  to  them  more  or  less  carbon. 

Metals  which  melt  at  moderate  deforces  of  heat,  such  as  gold  and 
copper,  are  easily  fused  either  in  clay  crucibles,  or  in  those  of  plum- 
bago ;  the  latter,  be  it  remembered,  being  a  mixture  of  graphite  and 
clay.  Metals  in  combination  with  carbon,  such  as  cast  iron,  also  melt 
reailily  in  clay  crucibles,  without  destroying  them.  But  when  such 
metals  as  iron,  nickel,  and  cobalt,  are  freed  from  carbon,  and  brought 
into  a  state  of  purity,  they  acquire  an  extraordinary  attraction  for 
silica  at  a  white  lieat,  so  that  the  metal  and  the  silica  readily  run  down 
into  a  very  fusible  silicate.  Even  when  plumbago  crucibles  are  used, 
the  carbon  burns  away  at  some  particular  point,  the  metal  then  attacks 
the  clay,  bores  a  hole  through  the  crucible,  and  finislies  the  operation. 
No  kind  of  clay  or  porcelain  will  withstand  the  action  of  pure  iron  or 
nickel  at  a  white  heat.  It  is  therefore  impossible  to  effect  any  large 
fusions  of  these  metals  when  they  are  free  from  carbon,  or  when  they 
are  heated  in  crucibles  that  are  free  from  carbon. 

Fusion  of  31t'tals  in  large  quantities^  and  Ignition  of  Objects  of  large 
size. — As  the  gas-burner,  Fig.  1,  can  be  held  in  any  required  position, 
it  is  possible  to  apply  heat  to  large  objects  by  using  several  gas-burn- 
ers. Thus,  a  large  crucible  may  be  fixed  in  a  square  furnace,  and 
gas-burners  be  applied  below  and  on  the  four  sides  of  the  furnace;  the 
spaces  between  the  crucible  and  the  walls  of  the  furnace  being  filled 
with  pebbles,  to  collect  the  heat  and  apply  it  to  all  parts  of  the  cru- 
cible. 

JIuJHe  Furnace  for  Assaying^  Roasting,  l^-'C. — A  muffle,  placed  in  an 
assay  furnace,  and  built  up  with  pebbles,  can  be  heated  either  from 
above  or  from  below  by  the  blast  gas-burner.  The  flame  and  products 
of  combustion  can  be  made  to  sweep  through  the  muffle,  whether  going 
upwards  or  downwards.  The  air  pipe  and  gas  pipe  attached  to  the 
gas-burner,  Fig.  1,  must  each  be  provided  with  a  stop-cock.  When 
the  front  door  of  the  muffle  is  opened  to  afford  the  opportunity  for  ex- 
amining the  cupels,  the  blast,  if  continued,  would  blow  out  there  against 
the  operator ;  but  that  occurrence  is  prevented  by  turning  the  stop- 
cocks. When  it  is  desired  to  oxidize  the  substances  in  the  muffle,  the 
furnace  is  first  brought  up  to  a  sufficient  temperature,  and  then  the 
gas  is  turned  off,  but  the  blast  of  air  is  continued.  The  air  passing 
through  the  hot  pebbles  enters  the  muffle  at  a  high  temperature,  and 
not  exhausted  of  oxygen,  because  there  is  no  carbonaceous  matter 
present  among  the  pebbles  when  the  gas  is  turned  off.  The  pure  and 
highly  heated  air  is  consequently  in  a  proper  condition  for  oxidizing 
metals  that  are  already  raised  to  a  red  heat  in  the  muffle.  The  same 
apparatus  is  useful  where  substances  require  to  be  roasted  in  the  pre- 
sence of  air,  in  order  to  oxidize  and  expel  some  volatile  ingredient.  ^  e 
have  in  this  process  an  effectual  means  of  using  hot  air  to  aid  the  pro- 
cess of  cupellation. 


184  Mechanics,  Physics,  and  Chemistry, 

Distillation  per  Desncvsnm. — Suppose  a  stoneware  bottle  wltli  a 
loi)<j;  neck  to  be  fitted  with  a  stoneware  tube,  passing  nearly  to  the 
bottom  of  the  bottle,  and  projecting  some  inches  beyond  its  mouth. 
Stippose  this  bottle  to  be  half  filled  with  metallic  zinc,  and  then  to  be 
fixed  upside  down  in  the  furnace,  Fig.  2,  with  the  tube  projecting  down- 
wards tiirough  the  hole  in  tlie  ])late  d,  and  nearly  dipping  into  a  vessel 
©f  water.  The  furnace  being  packed  with  pebbles,  and  the  heat  ap- 
plied at  the  top,  the  distillation  of  zinc  per  descensum  then  takes  place. 

31is(;ellancous  Uses  of  the  Blast  Gas  Furnace. — 1.  The  prepara- 
tion of  chemical  substances  by  the  projection  of  mixtures  into  a  cru- 
cible kept  at  a  red  or  a  white  heat.  2.  For  melting  silver,  gold,  cop- 
per, cast  iron,  brass,  bronze,  nickel-silver,  &c.,  either  for  making  small 
castings  or  ingots.  3.  For  experiments  on  glass ;  every  description 
of  which  it  is  able  to  fuse.  4.  For  experiments  on  enamel,  colored 
glasses,  and  artificial  gems.  5.  For  experiments  on  metallic  alloys. 
0.  For  the  fusion  of  steel.  7.  For  the  use  of  dentists,  in  the  prepara- 
tion of  mineral  artificial  teeth.  8.  For  the  assay  of  ores  of  silver,  cop- 
per, lead,  tin,  iron,  and  other  metals.  9.  For  all  purposes  of  ignition, 
combustion,  fusion,  or  dry  distillation,  at  a  red  heat,  or  a  white  heat, 
where  it  is  desirable  to  produce  those  temperatures  promptly,  certainly, 
steadily,  conveniently,  and  cheaply. 

Exhibition  of  Colored  Flames. — When  the  gas-burner,  Fig.  1,  is 
supplied  with  gas  and  air,  and  is  inflamed  in  the  open  air,  so  as  to  pro- 
duce a  clear  blue  flame  of  3  inches  long,  and  beyond  it  a  flickering, 
nearly  colorless  flame  of  12  inches  long,  brilliant  colors  may  be  given 
to  this  flame  by  the  introduction  of  concentrated  solutions  of  certain 
salts.  A  ball  of  pumice-stone,  2  inches  in  diameter,  fastened  to  a  stout 
iron  wire,  is  dipped  into  the  saline  solution,  and  while  wet  is  plunged 
into  the  flame,  upon  which  the  whole  flame  becomes  colored.  Solu- 
tions of  the  following  salts  may  be  used  for  these  experiments  : — 

1.  Cldoride  of  Strontium  gives  a  brilliant  crimson  flame.  2.  Clilo- 
ride  of  Calcium,  a  reddish  orange  flame.  3.  Chloride  of  Sodium,  bril- 
liant yellow.  4.  Chloride  of  Copper,  blueish  green.  If  the  flame  is 
touched  on  one  side  with  the  copper  solution,  and  on  the  other  with 
the  strontium  solution,  half  the  flame  is  green  and  half  crimson.  The 
colors  and  reflections  of  these  flames  are  necessarily  most  brilliant  in 
a  dark  room.  A  remarkable  eff'ect  is  produced  by  the  yellow  soda 
flame.  It  is  reflected  from  the  human  countenance  with  a  ghastly 
blackness. 

Repair  of  the  G-as  Furnace. — When  the  clay  cylinders  become 
"warped  or  chipped,  so  as  to  allow  the  gases  to  escape  at  the  joints  late- 
rally, they  must  be  luted  for  each  operation  by  applying  a  little  wet 
fire-clay  by  means  of  a  spatula.  When  only  a  moderate  heat  is  re- 
quired, this  luting  is  unnecessary. 

The  Patent  Blast  Gas  Furnace  is  capable  of  melting  so  many  of  the 
refractory  metals,  and  in  quantities  that  are  so  well  adapted  for  the 
usual  analytical  experiments  of  chemists  and  assayers,  as  almost  to  su- 
persed  the  use  of  fixed  wind  furnaces  and  portable  blast  furnaces,  fed 
by  charcoal  or  coke. 
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Xott^s  on  the  Evaporative  Efficiency  of  *■*■  Japanese  Coah  '\for  Steam- 
ing Purposes,     By  Wm.  II.  SiioCK,  Chief  Engineer  U.  S.  Navy. 

In  obedicnco  to  an  order  of  the  late  Commander-in-chief  of  the 
East  India  Scjuadron  to  furnisli  him  with  a  statement  of  the  compara- 
tive value  of  the  Japanese  coals  for  steaming  purposes  with  that  of 
other  coals  used  in  tlie  Navy,  I  availed  myself  for  this  purpose  of 
copies  of  the  steam  logs  and  engine  diagrams  of  the  frigates  31inne- 
wta  and  Mississippi,  which  were  kindly  furnished  by  their  respective 
chief  engineers,  for  the  period  in  whicli  they  used  the  coals;  and  with 
the  data  in  my  own  possession  of  \.\\(i  Powliatan  whilst  using  the  same 
coals,  the  following  record  of  results  was  deduced  : 

It  is  proper  to  state  that  the  coals  were  received  onboard  the  sliips 
[ind  expended  in  the  usual  manner,  without  any  reference  whatever 
to  a  special  report.  This  fact  establishes  the  practical  value  of  the 
results. 

Particulars  of  the  Ships. — The  31innesota  is  a  screw  frigate  3200 
tons.  Two  trunk  engines,  direct-acting.  Working  area  of  each  pis- 
ton, 4071'5  sq.  ins.  Stroke  of  pistons,  36  ins.  Supplied  by  4  multi- 
tubular boilers,  Martin's  patent.  Heating  surface,  11,500  sq.  ft.  Space 
lisplacement  of  piston  for  one  revolution  of  one  engine,  ICO-GO  cubic 
feet.  Space  included  in  nozzles,  clearance,  &c.,  at  both  ends  of  one 
cylinder,  9-90  cubic  feet.  Total  capacity  for  steam  in  one  engine  for 
3ne  revolution,  179*50  cubic  feet. 

The  3Iississippi  is  a  side-wheel  steamer  of  the  first  class,  1692  tons. 
Iwo  side-lever  engines.  Diameter  of  cylinder,  75*5  ins.  Stroke  of 
piston,  7  ft.  Supplied  with  2  multitubular  boilers,  Martin's  patent, 
bleating  surface,  7676  sq.  feet.  Space  displacement  of  piston  for  one 
revolution  of  one  engine,  435*20  cubic  feet.  Space  included  in  nozzles, 
?learance,  &c.,  at  both  ends  of  one  cylinder,  21*52  cubic  feet.  Total 
:apacity  for  steam  in  one  engine  for  one  revolution,  456*72  cub.  ft. 

The  Poivhatan  is  a  side-wheel  steamer  of  the  first  class,  2415  tons. 
Iwo  inclined  engines.  Diameter  of  cylinder,  70  ins.  Stroke  of  pis- 
ton, 10  ft.  Supplied  with  4  copper  boilers,  double  upper  return  flues. 
Heating  surface,  8100*59  sq.  ft.  Space  displacement  of  piston  for 
3ne  revolution  of  one  engine,  534*50  cub.  ft.  Space  included  in  nozzles, 
clearance,  &c.,  at  both  ends  of  one  cylinder,  26-00  cub.  ft.  Total 
capacity  for  steam  in  one  engine  for  one  revolution,  560*50  cub.  ft. 

Localities  of  the  Mines  and  their  mode  of  working  them. — There 
ire  without  doubt  vast  coal  fields  interspersed  throughout  the  Japan- 
ese Empire,  unknown  even  to  the  Japanese  themselves.  But  of  those 
known  and  worked,  I  have  examined  specimens  from  three,  viz  : — 
From  one  near  Hakodadi  on  the  island  of  Yesso,  in  the  northern  part 
[)f  Japan ;  a  second  from  Sikuzen  on  the  island  of  Kiusiu  (110  miles 
from  Nagasaki);  and  the  third  from  a  mine  in  the  province  Satzuma, 
near  Nagasaki :  all  presenting  nearly  the  same  characteristics. 

I  have  never  been  permitted  at  any  time  to  visit  the  mines.     They 
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persistently  objected  to  foreigners  inspectinf^  them  ;  but  from  the  most 
reli<i])le  autliority  I  learned  tliat  tliey  are  -worked  witliout  the  aid  of 
inaehinery,  both  coal  and  -water  being  brought  out  on  the  backs  of 
coolies  in  buckets;  and  the  -working  of  an  opening  is  quickly  sus- 
pended when  the  labor  necessary  to  keep  down  the  -water  exceeds  that 
rc(|uired  to  bring  away  the  coals,  which  soon  occurs  after  getting  be- 
low the  surface,  particularly  in  a  country  abounding  in  springs,  as 
does  Japan.  Tlie  result  is  that  old  openings  are  abandoned  Ibefore 
they  are  worked  sufTiciently  deep  to  secure  good  coals,  and  hence  it 
rarely  if  ever  occurs  that  any  but  outcroppings  and  surface  coals  reach 
market. 

Description  of  the  Coals. —  Their  Furnace  Phenomena.-r-^^ia  coals 
are  bituminous.  Cohesion  weak.  Mechanical  structure,  lamellar. 
Fractures  exhibit  a  dull  black  in  all  their  partings.  37  cub.  ft.  dis- 
place one  ton.  In  the  furnace  it  kindles  easily  and  burns  freely  with 
a  bright  flame,  emitting  immense  volumes  of  densely  black  smoke. 
Intum.esces  slightly,  and  occasionally  I  found  traces  of  iron  pyrites  pre- 
sent in  minute  quantities. 

Residuum — Large  quantities  of  spongy  clinker  (from  27  to  30  per 
cent,  by  weight)  which  cake  on  the  bars  but  are  readily  removed.  The 
per  centum  of  clinker  by  weight  conveys  no  idea  of  its  hulk,  as  it 
must  have  reached  in  many  cases  the  enormous  proportion  of  50  per 
cent. !    The  proportion  of  ashes  produced  was  unusually  small. 

Data  and  Results  deduced  therefrom. 


Copy  Minnesota's  Steam  Log. 


Capt.  S.  F.  Dupont  Commanding.    At  sea,  Sepfem- 

ber  1st,  1858. 
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U.  S.  S.  F.  Minnesota,  8cpt.  Isl,  1858,  11-10  A.  M. 


Scale.  1-1 0th  inch  ==  1  lb. 
Steam,  10  Hut-well, 

Vacuum,  22  i  Throttle, 

Kevolutions,      31 


98' 


U.  S.  S.  F.  Minnesota,  Sept.  1st,  1858. 


Steam, 

10 

Hot-well, 

97" 

Vacuum, 

23 

Throttle, 

1 

Revolutions, 

34 

From  the  above  log  and  diagrams  we  get  the  following  data.- 

Mean  terminal  pressure  of  the  four  diagrams, 
Average  coal  per  hour,  ,  ,  , 

"        revolutions  per  minute,        .  . 

"        temperature  of  feed-water,  .  • 

"        saturation  of  boilers,  .  , 

"       throttle,       .... 


6-7 18  lbs. 
4375   « 
33  9 
139" 
11-16 


188  Mechanics^  Physics,  and  Chemistry, 

From  which  the  following  calculiilion  of  boiler  performance  while  using  Japan  coals  if 
made,  viz  : 

3-439  X  ^>0  X  fi4:J 


:{G38 


Ami 


4375 


=  3  03  lbs.  water. 


To  tliis  must  be  added  the  per  centum  of  useful  effect  lost  in  fuel  from 


Llowinir  to   maintain   the  boiler  water  at  a  saturation  of  1^  which  in 

this  case  was  found  to  be  12,  its  equivalent  in  pounds  of  water  evapo- 
rated being  -SGSG.  And  3-03  +  'SGoG  =  3-39  lbs.  of  water  evaporated 
per  pound  of  coal,  was  the  maximum  boiler  performance  with  Japan     ^ 
coals. 

By  examining  the  above  log,  it  will  be  seen  that  the  ashes  and  clin- 
ker for  the  24  hours,  exceeded  the  enormous  jBgure  of  60  per  centum. 

Remarks. — Large  deposits  of  soot  and  ashes  collecting  on  lower 
tube  sheets  and  around  the  tubes. 


Copy  Steam  Log  of  the  U.  S.  Steamer  Mississippi.     Capt.  Wm.  C.  Nicholson, 
manding.     At  sea,  August  4:th,  1858. 
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PORT    ENCjINB. 

U.  S.  S.  F.  MississiiM'i.  Aug.  4th,  1858. 


Average  steam  per  gauge,  10  lbs.         Vacuum, 
Revolutions,  .  .         8-55         Throttle, 

Lift  of  steam-valve,  3  ins. 


26-75 

% 


Average  steam  per  gauge,  10*25  lbs.         Vacuum, 
Revolutions,  .  .         9         Throttle, 

Lift  of  steam-valve,        •  3  ins. 
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From  tlie  above  lo<^  and  dia^^rams  the  followinf^  calculations  of  boil- 
er perronnance  while  using  Japan  coals  are  made,  viz  : — 

Mean  terminal  prosHurc  of  the  diagrams, 
Average  coal  pi*r  hour,  . 

"         revolutions  per  minute,         . 

"         tomi)craluio  of  feed -water, 

"        Knturation  of  boilers, 

"         tlirotllc, 

"         steam  per  gauge, 

4oG  72  X  9-24  X  2 


And 


2829 
2-983  X  GO  X  64-3 


>8' 

.     8-31  11)8. 

• 

• 

2912    " 
.     9-24 

135° 
.     1-75 

• 

• 

2 
.     9-7      " 

=  2-983. 

2912 


r=  3-95  lbs.  of  water. 


To  this  (as  in  the  case  of  the  Bllnnesota)  an  additional  per  centum 
for  loss  of  useful  effect  in  fuel  from  blowing  to  maintain  the  boiler 

1^ 
•water  at  a  saturation  of   -|  must  be  added,  which  is  found  to  be  11-G, 

its  equivalent  in  pounds  of  water  evaporated  being  '458;  and  '4584- 
3*95= 4-408  lbs.  of  water  evaporated  per  pound  of  coal,  was  the  maxi- 
mum boiler  performance. 

The  residuum  in  clinker  and  ashes  for  this  day  was  36*75  per  cent. 

Remarks. — Immense  quantities  of  soot  and  cinders  collecting  on 
the  tube  sheets  and  between  tubes,  rendering  it  necessary  on  one  oc- 
casion to  clean  them  while  under  way. 

Copy  Steam  Log  of  the  U.S.  Steamer  Powhatan,  Flag  Ship  of  Flag  Officer  Tattnall. 
Capt.  G.  F.  Pearson,  Commanding.     At  sea,  July  23^/,  1858. 
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The  following  data  deduced  from  the  above  log  is  the  basis  of  the 
calculation  for  the  boiler's  performance  with  the  Japan  coals. 

It  will  be  observed  that  the  terminal  pressure  of  the  diagrams  is 
not  taken,  as  in  the  case  of  the  other  ships.    That  course  of  procedure 
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was  rejected  in  consequence  of  tlie  frequent  changes  of  the  cut-off 
(hiriM<;  tliat  24  liours,  on  account  of  the  variableness  of  the  wind,  sea, 
kc.  And  althougli  the  results  from  the  two  modes  of  calculation  will 
not  vary  much,  yet  I  thou^lit  that  taking  the  average  point  of  cutting 
off  as  shown  by  the  log  would  give  a  more  correct  result,  and  hence 
their  adoption. 

Average  pressure  of  steam  per  gauge,  .  .         9-9  lbs. 

"         revolutions  per  hour,    •  .  .  604*9 

"         consiim[)lion  of  coal  per  hour,  .  .      4203    " 

*'         point  of  cutting  olT,  from  commencement  of 

stroke,  including  clearance,  &c.,  (Sec,        .       42-9  ins. 
From  which  we  gather  the  following  results  : — 

3818-4  X  42-9  X  2  X  H08  X  2 


1728 


-=  4234-4 


4234  4 
And  — -— -  =  3-97  lbs.  water. 

1064 

The  loss  from  blowing  to  maintain  the  boiler  water  at  its  nominal 
density,  viz  :  1-75,  was  12-9  per  cent.,  its  equivalent  being  -510  ; 
and  3*97  +  '510  =4-7  ibs.  of  water  evaporated  to  one  pound  of  coal. 

Residuum  in  clinker  and  ashes,  22*5  per  cent. 

The  English  government  have  recently  despatched  a  steamer|](the 
Roebuck)  to  Japan,  for  the  express  purpose  of  practically  testing  these 
coals ;  the  results  of  which  will  be  looked  for  with  much  interest. 


The  Magnesian  Light.'^ 

Ma«:nesium  is  well  known  as  the  metallic  basis  of  mac^nesia :  it  is 
much  lighter  than  aluminum,  as  its  specific  gravity  is  only  1*74 ;  it  is 
of  a  silvery  whiteness,  undergoes  no  change  in  dry  air,  and  is  subject 
to  but  slow  oxidation  in  a  damp  atmosphere,  and  that  only  quite  su- 
percially ;  it  may  be  hammered,  filed,  and  drawn  into  threads.  At 
the  beginning  of  the  present  century  its  properties  were  developed  by 
Davy,  and  still  more  thoroughly  by  Busse.  To  obtain  it  pure  is  an 
expensive  process ;  and  as  no  practical  advantage  could  hitherto  be 
made  of  it,  no  one  had  attempted  to  discover  a  cheaper  method  of  get- 
ting it.  It  was  reserved  to  Bunsen  to  perceive  a  new  property  in  this 
metal,  and  to  suggest  a  practical  application  of  it.  Magnesium  takes 
fire  at  the  temperature  at  which  glass  melts,  and  burns  with  a  steady 
and  extremely  vivid  flame.  In  some  photo-chemical  investigations  by 
Bunsen  and  Koscoe,  experiments  were  made  to  test  the  illuminating 
capacity  of  a  magnesium  thread,  when  Bunsen  discovered  that  the 
splendor  of  the  sun's  disc  was  only  524  times  as  great  as  that  of  the 
thread.  Bunsen  also  compared  the  magnesium  flame  with  ordinary 
lights,  and  found  that  a  burning  thread  of  0*297  millimetres  diameter, 
produces  as  much  light  as  74  stearine  candles,  of  which  five  go  to  the 
pound.  It  is  plain  that  it  only  needs  a  mechanical  device  to  spin 
magnesium  when  heated  into  the  form  of  a  thread  upon  spools,  from 

*  From  the  Lond.  Chemical  News,  No.  27. 
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^vl^H•ll  tlioy  can  l»e  run  oil"  like  tlic  strips  of  paprr  in  Morsc'rt  tcle- 
;zraplnc  apparatus,  to  render  it  of  practical  use.  Sueli  a  niuf^ncsiuni 
lanip-wiek  would  he  far  more  simple  and  complete  than  the  j)rej)aru- 
tions  for  the  use  of  the  electric  or  the  Drummond  li;;ht.  A  sjiool  with 
its  thread,  a  clock-work  to  wind  it  oft',  with  the  si)irit  lamp,  wouhl  ho 
easily  transportahle.  A  rival,  therefore,  to  the  strong  lights  hitherto 
used  is  like  to  s])ring  up  in  IJunsen's  magnesium-lamp,  in  all  those 
cases  where  the  item  of  expense  is  likely  to  he  slightly  regarded,  for 
example,  in  hrilliant  illuminations,  light-houses,  &c.,  for  extraordinary 
degrees  of  illumination  may  be  obtained  by  burning  several  of  these 
threads  of  large  dimensions  at  once. — Emjtucer. 


On  tlic  Injhicncc  of  Science  on  (he  Art  of  Calico  Printing.^ 
\jy  Professor  F.  Crace  Calvert,  F.  11.  S. 

Calico  printing  has  partaken  of  the  general  progress  of  the  manu- 
facturing arts ;  and  tins  can  be  easily  understood  when  it  is  remem- 
bered that  it  is  based  u]»on  three  distinct  branches  of  knowledire — 
mechanics,  art,  and  chemistry.  xSot  being  acquainted  with  machinery, 
I  shall  not  attempt  to  describe  the  various  mechanical  improvements 
and  machines  which  have  been  introduced  ;  but  shall  confine  myself 
to  stating  that  ever  since  1815,  the  period  at  which  it  was  first  exten- 
sively applied  in  the  print  works  of  Lancashire,  machinery  has  gradu- 
ally supplanted  hand  labor,  and  thereby  immensely  decreased  the  cost 
of  production,  at  the  same  time  that  it  has  improved  the  beauty  and 
precision  of  the  results  obtained. 

Penciling  and  Block-Printing. — During  the  early  part  of  this  cen- 
tury, the  production  of  designs  upon  calico  was  performed  by  means 
of  hand-blocks,  made  of  sycamore  or  pear-tree  wood,  2  ins.  or  3  ins. 
thick,  9  ins.  or  10  ins.  long,  and  about  9  ins.  broad.  The  face  of  the 
block  was  either  carved  in  relief  into  the  desired  pattern,  like  ordinary 
wood-cuts ;  or  the  figure  was  formed  by  the  insertion  edgewise  into 
the  wood  of  narrow  slips  of  flattened  copper  wire,  and  the  piatterns 
were  finished  by  the  hand  labor  of  women  with  small  brushes,  called 
pencilings.  Owing  to  a  strike  amongst  the  block  printers,  in  1815, 
to  resist  the  threatened  introduction  of  machinery,  great  eft'orts  were 
made  on  the  part  of  the  employers  to  render  themselves  independent 
of  hand  labor ;  and  the  result  has  been  the  gradual  introduction  of 
cylinder-printing.  Without  entering  into  the  intricate  details  of  the 
steps  by  which  the  art  of  engraving  has  been  carried  to  its  present 
high  degree  of  perfection,  I  shall  simply  give  an  outline  of  the  suc- 
cessive improvements  alluded  to. 

Engraving. — The  first  kind  of  roller  used  was  made  by  bending  a 
sheet  of  copper  into  a  cylinder,  soldering  the  joint  with  silver,  and 
then  engraving  upon  the  continuous  surface  thus  obtained. 

The  second  improvement  consisted  in  producing  the  pattern  on  cop- 
per cylinders  obtained  by  casting,  boring,  drawing,  and  hammering. 
In  this  case,  the  pattern  is  first  engraved  in  intaglio  upon  a  roller  of 

*  From  the  London  Engineer,  Xo.  220. 
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softened  steel  of  the  necessary  climcnsions.  This  roller  is  tlicn  liard- 
cned  and  introduced  into  a  press  of  peculiar  construction,  ■where,  by 
rotary  pressure,  it  transfers  its  design  to  a  similar  roller  in  the  soft 
state,  and  the  die  bein;;  in  intaglio,  the  latter,  culled  the  "mill,"  is  in 
relief.  This  is  hardened  in  its  turn,  and  Ijy  proper  machinery  is  made 
to  convey  its  pattern  to  the  full-sized  copper  roller.  This  improve- 
ment alone  reduced  the  cost  of  engraving  on  copper  rollers  many  hun- 
dreds per  cent.  ;  and,  Avhich  is  of  far  greater  importance,  made  prac- 
ticable an  infinite  number  of  intricate  engravings  which  could  never 
have  been  produced  by  hand  labor  applied  directly  to  the  roller. 

A  iurther  improvement  was  made  by  tracing  with  a  diamond  on  the 
copper  roller,  covered  with  varnish,  the  most  complicated  patterns  by 
means  of  eccentrics,  and  then  etching. 

The  combination  of  mill  engraving  with  the  tracing  and  etching 
processes  naturally  followed,  adding  immensely  to  the  resources  of  the 
engraver  and  printer  in  the  production  of  novel  designs. 

Another  development  of  this  art  is  the  tracing  of  patterns  on  the 
surface  of  rollers,  which  has  been  effected  by  machines  constructed  on 
the  principle  of  the  pentagraph.  Although  this  invention  dates  from 
1884,  still  it  is  only  of  late  years  that  it  has  been  successfully  applied. 

But  if  mechanical  art  has  greatly  assisted  the  engraver,  chemistry 
has  rendered  him  equally  important  services,  by  enabling  him  to  aban- 
don costly  and  cumbrous  modes  of  impressing  by  force  the  designs  on 
the  cylinder,  substituting  for  them  a  great  number  of  etching  pro- 
cesses. By  some  of  these  processes,  as  by  every  other  addition  to  the 
resources  of  the  engraver,  an  entirely  new  and  beautiful  class  of  en- 
graving is  produced,  unattainable  by  any  other  known  means. 

A  very  recent  improvement  is  highly  interesting  in  a  scientific  point 
of  view.  It  is  the  application  of  galvanism  to  the  diamond  tracer. 
By  combining  the  galvani'c  action  with  the  eccentric  motion,  most 
beautiful  and  delicate  engravings  can  be  produced.  This  is  effected 
by  tracing  the  pattern  with  a  varnish  on  a  zinc  cylinder,  which  is  so 
placed  in  the  engraving  machine,  that  as  a  needle  passes  over  its  sur- 
face, and  comes  in  contact  with  the  zinc,  the  galvanic  current  is  esta- 
blished, and,  by  simple  machinery,  causes  the  diamond  to  trace  the 
corresponding  pattern  on  the  copper  roller.  The  communication  is  so 
rapid  and  so  precise,  that  this  invention  of  Mr.  Gaiffe,  of  Paris,  bids 
fair  to  produce  very  important  results.  Galvanism  is  also  made  use  of, 
for  producing  effects  on  roller  surfaces  by  depositing  copper  thereon. 

To  give  an  idea  of  the  extraordinary  influence  which  the  introduc- 
tion of  machinery  and  improvements  in  engraving  have  had  in  cheap- 
ening the  cost  of  printed  calicoes,  I  may  state  that  large  furniture 
patterns,  such  as  are  required  for  Turkish,  Egyptian,  and  Persian 
markets,  into  which  sixteen  colors  and  shades  enter,  would  have  cost 
formerly  from  30s.  to  35s.  per  piece,  because  they  would  have  required 
sixteen  distinct  applications  of  as  many  different  blocks,  and  would 
have  occupied  more  than  a  week  in  printing,  where  the  same  piece 
can  now  be  printed  in  one  single  operation,  which  takes  three  minutes, 
and  costs  5s.  or  6s.    So  rapid  is  the  progress  of  one  branch  of  manu- 
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facturo  In  connexion  with  another,  that  it  lias  only  recently  heen  pos- 
Kihle  to  produce  the  rollers  capahle  of  pcrforinin;^  this  op('rati(jn,  that 
is  to  say,  cylinders  of  copper  4-']  ins.  in  circumference  hy  44  ins.  lon^j. 
For  li^ht  styles  of  print  in  «^,  the  time  required  to  print  a  piece  of  30 
yards  is  not  more  than  one  minute. 

C/ianistn/. — Uut  the  discovery  which  has  exercised  more  influence 
than  any  other  on  the  progress  of  calico  printing,  is  the  application 
of  elilorine  gas  as  a  hleaehing  agent.  Previously  to  the  emj)loyment 
of  this  gas  (chiefly  as  hleaehing  powder),  the  imperfect  hleaehing  of  a 
piece  of  calico  rec^uired  six  weeks;  and  as  it  had  to  be  exposed  to  the 
action  of  the  atmosphere,  a  large  surface  of  land  was  required.  Fur- 
ther, at  that  time,  hleachers  had  to  use  potaslies  imported  from  Cana- 
da ;  whereas,  at  the  present  time,  thanks  to  the  progress  of  cliemical 
knowledge,  not  only  is  soda-ash  manufactured  in  this  country,  but,  by 
the  application  of  bleaching  powder,  calicoes  are  much  better  bleached 
in  twenty-four  hours  than  they  were  formerly  hy  a  six  weeks'  exposure 
to  the  atmosphere;  and  even  when  an  extra  cleaning  and  whiteness  is 
required,  as  for  madder  goods,  only  two  days  are  necessary.  The  aid 
of  macliinery  renders  possible  the  continuous  process,  that  is  to  say, 
several  hundred  pieces  of  grey  calico  are  sewn  together,  end  to  end, 
and  made  to  pass  from  one  operation  to  another,  without  any  pause, 
until  they  are  bleached.  So  rapid  and  economical  is  this  method  that 
the  cost  of  bleaching  a  piece  of  calico  does  not  exceed  one  or  two 
pence.  Chlorine,  again,  renders  a  great  service  to  the  calico  printer, 
by  enabling  him,  after  his  madder  goods  have  been  produced  and  soap- 
ed, to  obtain  fine  whites  without  the  necessity  of  exposing  them  for 
several  days  in  the  meadows  to  the  action  of  the  atmosphere.  In  fact, 
the  discovery  of  garancine  and  alizarine,  and  their  application  to  cali- 
co printing,  have  facilitated  the  production  of  madder  styles  at  very 
low  cost,  as  the  whites  of  such  goods  require  no  soaping,  and  only  a 
little  bleaching  or  cleaning  powder. 

Cotton  has  this  peculiarity  as  distinguished  from  wool  and  silk,  that 
it  will  not  fix  any  organic  color,  excepting  indigo,  without  the  inter- 
position of  a  mordant,  which  is  generally  a  metallic  oxide  or  salt.  The 
two  most  important  discoveries  in  connexion  with  this  necessity  of 
calico  printing  were :  first,  that  made  in  1820,  by  Mr.  George  Wood, 
of  Bankbridge,  who  found  out  the  means  of  preparing  calicoes  with 
peroxide  of  tin,  which  enabled  printers  to  produce  a  large  variety  of 
prints  called  steam  goods ;  and,  secondly,  that  of  Walter  Crum,  Esq., 
F.  R.  S.,  who,  in  a  paper  presented  to  the  British  Association,  at 
Aberdeen,  in  1859,  showed  that  the  tedious  process  of  ageing  madder 
mordants  for  three  or  four  days,  might  be  dispensed  with  by  passing 
the  goods  during  a  quarter  of  an  hour  through  a  moist  atmosphere, 
at  a  temperature  of  80°  to  100°,  where  the  mordants  absorb  the  re- 
quired quantity  of  moisture,  and  then  rapidly  undergo  the  chemical 
changes  necessary  to  fit  them  for  producing  the  black,  purple,  lilac, 
red,  pink,  and  chocolate  colors,  which  the  madder  root  will  yield  im- 
mediately in  the  dyebeck,  according  to  the  nature  of  the  mordant  pre- 
viously fixed  in  the  cloth. 
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As  it  is  impossible  in  tlic  brief  space  of  ,iti  liour  to  convey  an  idea 
liow  various  colors  arc  produced  on  prints,  I  shall  confine  my  remarks 
to  illustrating  the  interesting  fact  that  abstruse  science  has  brought  to 
light  various  substances,  which  have  lately  proved  valuable  accessories 
to  the  resources  of  the  cnlico  ])rinter.  Thus  Dr.  Prout,  some  thirty 
or  forty  years  ago,  made  the  curious  discovery  that  uric  acid  possessed 
the  property  of  giving  a  beautiful  red  color,  -when  heated  with  nitric 
acid,  and  then  brouglit  into  contact  with  ammonia  The  substance 
thus  obtained  was  further  examined  by  Messrs.  Liebig  and  Wohler,  ■ 
in  a  series  of  researches  which  have  been  considered  as  amongst  the 
most  important  ever  made  in  organic  chemistry ;  and  this  substance 
they  called  murexide.  In  the  course  of  these  investigations,  they 
also  discovered  a  white  crystalline  substance  called  alloxan.  For 
twenty  years  both  these  substances  were  only  to  be  found  in  the  labora- 
tory; but  in  1851,  Dr.  Saac  observed  that  alloxan,  when  in  contact 
with  the  band,  tinojcd  it  red.    This  led  him  to  infer  that  alloxan  mi^dit  ' 
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be  employed  to  dye  woolens  red ;  and  further  experiments  convinced 
him  that  if  woolen  cloths  were  prepared  with  peroxide  of  tin,  passed 
through  a  solution  of  alloxan,  and  then  submitted  to  a  gentle  heat,  a 
most  beautiful  and  delicate  pink  color  resulted.  Subsequently,  mur- 
exide was  employed  and  applied  successfully  by  Mr.  Depouilly,  of 
Paris,  to  dyeing  wool  and  silk,  and  to  printing  calicoes,  by  the  aid  of 
oxide  of  lead  and  chloride  of  mercury  as  mordants ;  but  the  great 
obstacle  to  its  extensive  use  was  the  difficulty  of  obtaining  uric  acid 
in  sufficient  quantity  for  its  manufacture.  The  idea  soon  occurred  to 
chemists  to  extract  it  from  guano ;  and  this  is  the  curious  source 
whence  the  chief  supply  of  uric  acid  is  obtained,  and  which  enables 
Edmund  Potter,  Esq.,  and  other  printers,  to  produce  the  color  called 
Tyrian  purple. 

Another  example  will  be  found  in  the  successive  scientific  discover- 
ies which  have  led  to  the   discovery  of  the  recently  popular   color, 
mauve.    Lichens,  which  have  been  the  subject  of  extensive  researches 
on  the  part  of  Robiquet,  Heeren,  Sir  Robert  Kane,  Dr.  Schunck,  and 
especially  of  Dr.  Stenhouse,  have  yielded  to  those   chemists  several 
new  and  colorless   organic  substances,  which,  under  the  influence  of 
air  and  ammonia,  give  rise  to  most  brilliant  colors,  and  amongst  these  - 
are  orchil  and  litmus.    Dr.  Stenhouse,  in  a  most  elaborate  paper  pub- 1 
lished  by  the  Royal  Society  in  1848,  pointed  out  two  important  facts:  ■ 
first,  that  the  color-giving  acids  could  be  easily  extracted  from  the 
w^eed  by  macerating  it  in  lime  w^ater,  from  which  the  coloring  matters 
were  easily  separated  by  means  of  an  acid ;  and,  secondly,  the  pro-  j 
perties  of  certain  coloring   acids,  which  gave  M.  Marnas,  of  Lyons,  i 
the  key  which  enabled  him  to  produce   commercially  from  lichens,  a 
fast  mauve  and  purple  which  up  to  1857  had  been  considered  impos- 
sible of  attainment. 

The  commercial  production  by  Mr.  \Y.  H.  Perkin  of  another  purple 
at  the  same  time  is  not  less  interesting.  Some  thirty  or  forty  years 
ago,  Dr.  Runge  obtained  from  coal-tar  six  substances,  amongst  which 
was  one  called  kyanol,  which  substance  was  thoroughly  examined  by 
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Pr.  W.  A.  TTofinaiin,  ^vho  proved  it  to  be  an  orn^anic  alkaloid,  and 
idoiitioal  \s'\\.\\  a  suhstanco  known  l)y  the  name  of  aniline.  Owin^  to 
the  subse([uent  study  of  this  substance  ])y  that  eniint'ut  chemist,  and 
the  discovery  that  it  yielded  a  beautiful  j)uri)le  color  when  placed  in 
cont4ict  with  bleachin«;  powder,  his  pupil,  Mr.  W.  II.  ]*erkin,  was  in- 
duced to  make  experiments  with  a  view  to  ])roducing  commercially  a 
fast  purple,  in  which  he  succeeded,  and  secured  it  by  a  patent  in  1867. 
The  process  devised  by  this  chemist  is  exceedin<^ly  sim])lc.  It  consists 
in  oxidizing  aniline  by  means  of  bichromate  of  potash  and  sul])huric 
acid.  I  shall  not  attempt  to  give  any  furtlie?-  details  on  this  subject, 
as  they  have  been  very  ably  described  by  ^Ir.  IJobert  Hunt  in  the 
Art  Journal. 

jNIore  recentl}^  ^Mr.  Renard  found  a  method  of  producing  also  from 
aniline  by  means  of  chlorine  comjiounds  a  most  splendid  rose  color, 
called  by  him  fuchsiacine;  and  within  the  last  few  months,  Mr.  David 
Price  has  also  succeeded  in  producing  from  aniline,  by  the  employ- 
ment of  peroxide  of  lead,  either  a  fast  purple  or  a  pink,  called  by  him 
rosein?,  and  a  fast  blue  according  to  the  mode  of  operating.  All  these 
colors  require  special  mordants  to  fix  them  on  calicoes  or  muslins  ; 
and  the  beautiful  specimens  which  I  have  the  honor  to  lay  before  you 
I  owe  to  the  kindness  of  ^lessrs.  James  Black  and  Co.,  and  Messrs. 
Boyd  and  Ilamel  of  Glasgow,  who  have  fixed  the  last-mentioned  colors 
by  means  of  azotized  principles,  such  as  albumen,  lactarine.  (S:c., 

I  cannot  give  a  better  idea  of  the  immense  magnitude  of  the  calico- 
printing  trade  than  by  quoting  the  number  of  yards  exported,  which 
amounted  in  1858  to  785,666,473,  and  give  a  price  value  of  £  13,- 
147,280. 

I  cannot  conclude  "without  expressing  also  my  thanks  to  Mr.  "Wood, 
of  the  firm  of  Wood  and  "Wright,  and  Mr.  B.  Leake,  of  the  firm  of 
Lockett,  Sons,  and  Leake,  Messrs.  Dalglish  and  Faulkners,  for  the 
numerous  and  valuable  specimens  which  they  have  kindly  lent  me  to 
illustrate  my  discourse ;  and  especially  to  Mr.  W.  Grant  for  the  loan 
of  a  most  interesting  book,  containing  the  patterns  belonging  to  the 
late  firm  of  Sir  Robert  Peel,  Bart.,  which  bears  the  date  of  1790. 


Persistent  Activity  of  Light. 

We  take  the  following  interesting  facts  on  this  subject  from  the 
Cosmos: — "Some  weeks  ago,  M.  Niepce  de  Saint-Victor  came  to  see 
us,  bringing  with  him  a  large  tin  tube,  closed  not  with  sealing-wax 
but  hermetically,  and  rendered  inaccessible  to  all  external  agencies 
except  variations  of  temperature,  by  a  complete  soldering  with  tin  or 
lead.  He  opened  the  tube  in  our  presence,  exposed,  without  unrolling 
it,  a  sheet  of  paper  prepared  with  tartaric  acid  and  insolated,  which 
he  had  inclosed  in  the  tube  nearly  a  year  before,  poured  on  this  sheet 
a  few  drops  of  nitrate  of  silver,  and  showed  us  that  the  nitrate  was 
almost  immediately  blackened,  exactly  as  it  would  have  been  in  a 
strong  light.  It  was  impossible  not  to  attribute  this  instantaneous 
action  to  the  persistent  action  of  the  light  absorbed  a  year  ago  by  the 

n* 
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paper  soaked  in  tartaric  acid.  If  the  experiment  was  more  successful 
this  time,  althou;^]i  kept  for  a  longer  period,  it  was  because  of  the 
much  more  i)erfect  cU)surc  of  tlic  tulic  ;  and  that  wliich  happened 
after  a  year  wouhl  certainly  happen  after  live  or  six  years." 

*'Again,  M.  Busk  has  established  the  following  fact :  Plunge  a  sheet 
of  paper  into  a  solution  of  a  properly  chosen  acid,  organic  or  inor- 
ganic, for  example,  acetic  or  tartaric  acid;  dry  it;  render  it  sensitive 
by  the  bath  of  nitrate  of  silver,  and  dry  it  again  ;  place  it  in  contact 
with  the  drawing  which  it  is  desired  to  reproduce  for  a  half  hour 
or  more;  then  expose  the  paper  to  tlic  sun's  rays,  and  a  negative  im- 
age of  the  drawing  will  be  seen,  which  may  be  fixed  by  washing  with 
common  water.  It  is  not  even  necessary  that  the  exposure  to  the  light 
should  take  place  at  once  ;  the  paper  may  be  preserved  for  several 
days  between  two  sheets  of  white  paper  without  losing  its  property  of 
developing  the  latent  image  under  the  influence  of  the  sun's  rays. 
What  is  more  difficult  to  explain  is  that  there  is  no  necessity  of  inso- 
lating  or  exposing  to  light  the  original  picture.  M.  Busk  usually  em- 
ploys the  following  formula : — Solution  of  organic  acid  :  water,  90 
grammes ;  crystallizable  acetic  acid,  30  ;  dip  the  sheet  simply  in  it. 
Bath:  water,  25  grammes;  nitrate  of  silver,  3-60  grammes;  crystal- 
lizable acetic  acid,  3*5  grammes;  the  sheet  may  either  be  laid  on  the 
bath  successively  on  its  two  sides,  or  be  washed  on  each  face  by  a 
brush." 

"To  these  facts,  or  to  their  interpretation,  M.  Baron  Thenard  would 
oppose  the  following  experiment  which  he  has  communicated  to  the 
Fhilomathic  Society. — 1st.  During  the  night  he  disinsolated  a  sheet 
of  common  paper  by  exposing  it  to  the  vapor  of  water  for  an  hour. 
2d.  He  then  divided  the  paper  into  two  parts ;  one  was  laid  aside  for 
comparison,  the  other  was  rolled  up  and  placed  in  a  glass  tube,  to  one 
end  of  which  ozonized  oxygen  was  supplied ;  at  the  end  of  a  quarter 
of  an  hour  the  ozone  was  distinctly  perceived  at  the  other  extremity; 
the  paper  was  then  withdrawn.  3d.  This  paper  used  in  the  same  man- 
ner as  M.  Niepce's  insolated  paper  produced  the  same  effects ;  the 
paper  kept  for  comparison  produced  none  of  them.  4th.  A  paper 
treated  with  chlorine  or  nitrate  of  silver  and  then  ozonized  gave,  on 
the  contrary,  no  sensible  result.  5th.  Common  paper  ozonized  and 
kept  for  some  time  in  a  test  tube  disengages  a  smell  which  is  not  that 
of  ozone  but  that  of  a  very  diffusible  essence.  AVhat  shall  we  con- 
clude from  this  ?  added  M.  Thenard — That  the  phenomena  of  insola- 
tion described  by  M.  Niepce  are  chemical  phenomena,  determined  in- 
directly by  the  light,  which  acts  in  this  matter  only  as  an  intermediate 
agent." 

Manufacture  of  Stearine  Candles, 

At  the  meeting  of  the  French  Academy  of  Sciences  of  18th  June, 
1860,  M.  Dumas  presented  a  note  from  M.  Cambaceres,  who  has 
studied  thoroughly  and  for  a  long  time  the  interesting  question  of  the 
saponification  of  the  fat-acids,  their  solidification,  and  transformation 
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into  stcarinc  camllcs.  He  lias  discovered  that  by  substituting  dilute 
nitrio  arid  fov  the  coucontratt'd  ai-id  usually  euiidoycd,  and  assistin;; 
the  aetion  by  a  long  contact  undiT  the  inllucncc  of  heat,  the  ([uantity 
of  the  fatty  matter  which  solidifies  is  considerably  increased,  and  a 
very  great  economy  introduced  into  the  manufacture. 


On  the  Thermodijnamic  Theon/  of  Steam  Emjines  with  dry  Saturated 
Stcam^  and  its  application  to  practice.  By  W.  J.  MACyUuUN  Kan- 
kim:,  C.  E.,  F.  K.8.,  kc* 

rhil.  Tnini*.  Ih5'.».  p.  177  :  atid  I'liil.  Miig.  S.  4.  vol.  xviii.  p.  71. 

This  supplement  gives  the  dimensions,  tonnage,  indicated  horse-pow- 
er, speed,  and  consumption  of  fuel,  of  the  steam-ships  "svhose  engines 
■were  the  subjects  of  the  experiments  referred  to  in  the  original  paper. 
Kesults  are  arrived  at  res[iectiMg  the  available  heat  of  combustion  of 
the  coal  employed,  and  the  elhciency  of  the  furnaces  and  boilers,  of 
%vhich  the  following  is  a  summary  : — 


Availalile  lu-at  of 

Ti^tal  boat  of  comlius- 

cuinl»U!*tion  »>f  1  lb. 

Avaxlahle 

tioii  of  1  III.  of  r«»al 

of  COill   ill  lt-lb8. 

heat,  total 

No.  of 

Kiad  of  Boiler. 

in  ft-lbs.,  ostiiiiatcd 

coniputfil  from 

boat  =  effl- 

Experimeat. 

from  cLi-mical  compu- 

efficiency  of  ^t^•lm 

cjf'ucy  of 

eitiuD. 

and  wi-i^lit  of 

coal  burn  Mi  per 

l.U.l'. 

furnace 
aud  l>oiler. 

I. 

i    Improved   Marine    i 
}    Boilers  of  ordi-      > 

10,000,000 

5,420,000 

0-542 

III. 

^    nary  proportions.    ) 

f  Boiler  chiefly  com-") 
1     posed    of    small     I 

10,000,000 

5,300,000 

0-53 

II. 

J     vertical       water-     ! 
)     tubes,  with   very     | 
(     great         heating     j 
(^    surface.                     J 

11,560,000 

10,110,000 

0-88 

Available  heat  of  combustion  of  1  ft),  of  coal 

1,980,000  ft.-ft)s. 


Efficiency  of  steam  X  tb.  coal  per  I.  H.  p.  per  hour* 

♦From  the  Lond.,  Edin.,  and  Dub.  Philosophical  Mag.,  June,  ISGO. 


Per  the  Journal  of  the  Franklin  Institute. 

Particulars  of  the  Clipper  Bark  James  Welsh. 
Hull  built  by  E.  F.  Williams,  Greenpoint,  L.  I.     Owner,  F.  Alex- 
andre, New  York    City.     Commander,   Capt.  W.  Magill.     Intended 
service,  Newr  York  to  Balize  (Honduras). 

Hull.— Length  of  keel,  110  feet.  Do.  of  main  deck,  120  feet.  Do.  over  all,  129  feet. 
Breadth  of  beam  at  midship  section,  28  feet.  Depth  of  hold,  16  feet  6  inches.  Frames 
of  white  oak  and  yellow  pine,  and  very  securely  fastened.  Tonnage,  350  tons,  but  pos- 
sesses a  frame  equal  to  a  vessel  of  600  tons. 

Remarks. — In  the  erection  of  this  vessel,  there  have  been  many  im- 
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portant  improvements  upon  the  old  mctliod  of  ship-])uil(lin;r,  particularly 
in  its  internal  arran<]^cnionts.  Her  forecastle  is  admirably  adapted  for 
the  comfort  of  seamen,  beinrr  far  superior  to  the  old  and  miserably  venti- 
lated ones,  which  have  invariably  been  so  detrimental  to  the  health  of 
sailors.  It  is  erected  on  the  main  deck,  having  two  gangways  on  each 
side  of  the  chain  lockers,  and  a  commodious  room  on  either  side  of  the 
gangways,  each  possessing  four  large  berths. 

These  gangways  are  sufficiently  large  to  admit  of  five  persons  in 
each  to  be  seated  at  meals,  and  can,  when  necessary,  be  used  to  change 
clothing  and  as  a  protection  from  storms,  whilst  the  sleeping  apart- 
ments will  at  all  times  keep  perfectly  dry. 

Each  of  the  rooms  contains  a  ventilator,  which,  when  used  in  con- 
cert with  the  hatch  in  the  topgallant-forecastle  and  the  gangways,  will 
insure  the  presence  of  a  continual  current  of  fresh  air. 

The  after-house  of  this  vessel  (constituting  cabin  and  dining-room) 
is  28  feet  in  length,  and  contains  four  state-rooms  on  each  side  for  the 
accommodation  of  passengers.  The  forward  portion  of  the  house  is 
separated  from  the  after  part,  for  the  purpose  of  stowing  hides,  dry 
goods,  and  miscellaneous  merchandize,  by  which  arrangement  they  re 
ceive  a  thorough  ventilation  during  the  passage,  thereby  preventing 
that  unhealthy  miasma  arising,  as  is  usually  the  case  when  such  ar- 
ticles are  stowed  in  the  hold. 

In  addition  to  these  features,  there  are  two  tanks  in  her  cockpit  of 
sufficient  capacity  to  hold  500  gallons  of  water  each.  The  main  rail 
and  bulwarks  included,  are  seven  and  a  half  feet  in  height  and  of 
great  strength,  in  order  to  protect  her  deck  load,  which,  upon  all  her 
return  voyages,  will  consist  of  mahogany. 

The  above  improvements  are  the  design  of  her  owner,  and  are  worthy 
the  attention  of  ship  builders,  ship  owners,  and  all  others  who  are  in- 
terested in  alleviating  the  many  trials  and  discomforts  of  a  much  abused 
and  sadly  neglected  class — our  sailors.  E.  B. 


Safety  of  Vessels  at  Sea, 

A  Dr.  Brevard,  of  Grenoble,  describes  in  the  Cosmos  a  means  of 
preserving  a  ship  from  sinking  at  sea,  which,  although  not  new  as  a 
proposition,  has  never  to  our  knowledge  been  adopted,  and  merits  a 
fair  experiment  at  all  events.  The  plan  appears  to  consist  in  render- 
ing the  various  compartments  of  the  vessel  air-tight,  and  arranging 
proper  openings  along  the  keel  which  may  be  closed  by  plugs  or  stop- 
cocks. If  the  vessel  springs  a  leak,  the  compartment  into  which  the 
leak  opens  is  closed  air-tight,  and  air  forced  in  by  a  force-pump  until 
the  water  is  driven  out  at  the  leak,  which  is  then  to  be  stopped,  and 
one  or  more  of  the  escapes  along  the  keel  being  opened,  the  air  is  con- 
tinually forced  in  until  all  the  water  is  expelled.  Should  fire  take 
place  below,  the  vessel  may  be  scuttled  by  opening  the  lower  escapes 
until  the  fire  is  extinguished,  and  be  then  raised  again  by  means  of  the 
pumps.     The  same  pumps  may  be  used  to  ventilate  the  holds  and  ca- 
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bins  of  tlic  vessol.  In  :i  Ktciuner  the  i'orco-pnnips  may  ])o  Avorkcd  cltlicr 
by  connexion  witli  the  main  en«i:inc  or  by  the  feed  enp;ine ;  Jind  when 
it  is  considered  that  a  pressure  of  one  additional  atmosplicro  will  cor- 
res])ond  to  a  column  of  about  thirty  feet  of  water,  and  tliat  our  lp.<lia- 
rubber  <ji;()0(ls  furnisli  a  elieap  and  sim|)le  way  of  renderin;^  any  openin^^ 
practically  air-ti^ht,  ihe  ])lan  seems  feasible  cnou<i;h  ;  at  all  events, 
considering:  the  important  use  for  which  it  is  purposed,  deserving  of 
serious  study. 


On  the  Explosion  of  JItjpophosphite  of  Soda, ^  By  M.  Trommsdorff. 

Under  the  headiuij;  of  "  Caution,"  f  Dr.  L.  C.  Marquart  describes 
a  violent  explosion  of  the  above  salt,  wliile  its  solution  was  being  evapo- 
rated in  a  porcelain  capsule,  placed  in  a  heated  sand  bath,  for  which 
reason  too  high  a.  heat  was  assigned  as  the  cause  of  the  explosion.  It 
was  therefore  thought  necessary  to  avoid  evaporating  such  a  solution, 
cither  over  the  fire  or  in  a  sand  bath,  but  to  employ  altogether  a  water 
bath  for  its  evaporation.  Tliis  operation  has  been  carried  on  very  fre- 
quently in  my  laboratory  without  the  occurrence  of  the  least  accident, 
but  last  spring  I  experienced  by  a  painful  accident  that  even  the  low 
temperature  of  boiling  water  is  no  safeguard  against  explosions  of  this 
salt. 

The  neutral  solution  of  hypopliosphitc  of  soda  was  evaporated  in 
small  portions  in  a  porcelain  dish,  heated  by  a  simple  water  bath,  tbe 
concentrated  liquid  being  constantly  stirred  with  a  glass  rod  or  a  por- 
celain spatula.  The  last  portion  had  become  nearly  dry,  when  a  violent 
explosion  took  place,  breaking  all  the  windows  of  the  laboratory  and. 
seriously  lacerating  the  face  of  the  attending  w^orkman.  Being  near 
at  hand,  and  supposing  the  explosion  to  have  been  caused  by  the  ne- 
glect of  the  water  bath,  I  hurried  to  the  spot,  but  found  the  bath  filled 
wdth  boiling  water,  and  was  unable  to  discover  the  least  suspicious  cir- 
cumstance from  wdiich  the  cause  of  the  accident  mi^ht  have  been  ex- 
plained. 

The  preparation  which  the  author  is  using  now  is  of  French  manu- 
facture, and  has  a  strong  alkaline  reaction.  Should  it,  in  this  state, 
be  less  subject  to  explosions,  it  would  be  highly  interesting  to  hear  of 
the  experience  of  the  French  and  other  chemists  with  regard  to  this 
new  medicinal  salt,  which  they  are  preparing  in  enormous  quantities. 

*  from  the  Loud.  Chemical  News,  No.  29.  f  Archiv  d.  Pharm.,  Ixxxv,  GS4. 


Improvement  in  the  3Ianufacture  of  Starch."^ 

A  patent  has  recently  been  obtained  by  John  Hamilton,  of  Belfast, 
for  submitting  starch — after  it  is  deposited  in  the  manufacturing  pro- 
cess— to  the  action  of  a  hydraulic  press,  in  suitable  boxes,  so  as  to 
press  all  the  water  out  of  it,  instead  of  evaporating  all  the  moisture  in 
artificially  heated  rooms,  according  to  the  usual  practice.  A  great 
saving  in  fuel  is  thus  efi*ected  by  well  known  and  very  simple  means. 

*  From  the  Lond.  Chemical  News,  No.  10. 
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Bltumenized  '■'•  Paper''  Pijies.* 

Tlic  in^onious  idea  of  liardoninf;  puper  by  means  of  an  admixture 
of  bituineii  under  tlu)  influence  of  liydi'uulic  pressure,  so  as  to  convert 
it  into  a  substitute  for  iron,  is  due,  it  appears,  to  M.  Jaloureau,  of  Paris* 
The  world  has  already  become  familiar  with  the  utility  and  value  of 
popier  mache  as  a  sui)stittite  for  stone  or  marble  in  moulding',  archi- 
tectural castin^Ts,  busts,  and  statues:  it  has  also  heard  recently  that 
the  Chinese  constructed  their  cannon  of  prepared  paper  lined  with  cop- 
per, and  that  they  even  make  paper  pipes, — that  an  eccentric  charac- 
ter at  Norwood  has  built  himself  a.  house  of  ])apcr, — and  that  our  Ameri- 
can friends  have  invented  a  veritable  paper  brick; — but  nothing,  it  is 
believed,  has  lately  come  before  the  British  public,  in  the  way  of  paper, 
so  curious,  and  yet  practicable,  as  these  bituminous  paper  pipes.  Test- 
ing experiments,  conducted  under  the  great  clock-tower  at  the  Houses 
of  Parliament,  arc  reported  to  have  "  proved  that  the  material,  while 
it  possessed  all  the  tenacity  of  iron,  with  one-half  its  specific  gravity, 
had  double  the  strength  of  stoneware  tubes,  without,  moreover,  being 
liable  to  breakage,  as  in  the  case  of  other  material,  and  w^iich  frequently 
causes  a  loss  to  the  contractor  of  some  20  or  25  per  cent,  on  the  sup- 
ply." In  order  to  test  their  strength,  two  of  these  bituminous  paper 
pipes  of  5-inch  bore  and  half  an  inch  thick  were  subjected  to  hydrau- 
lic power,  and  they  are  said  to  have  sustained,  without  breaking  or 
bursting,  a  pressure  of  220  lbs.  to  the  square  inch,  or  equivalent  to 
506  feet  head  of  water.  The  cost  of  the  pipes  is  understood  to  be 
about  one-half  the  cost  of  iron.  Specimens  of  pipes  employed  in  the 
transmission  of  gas  at  the  Palace  des  Invalides  during  the  last  eighteen 
months  were  exhibited  by  Messrs.  Joske  &  Young,  the  proprietors. 

•  From  the  Lond.  Builder,  No.  888. 


Action  of  prolonged  Heat  and  Water  on  different  Substances,^ 

Mr.  H.  C.  Sorby,  an  Englishman  we  believe,  sends  to  the  Academy 
of  Sciences  an  account  of  some  experiments  he  has  made  on  the  above 
subject.  He  put  different  substances  and  various  solutions  in  glass 
tubes,  sealed  then  hermetically,  and  then  placed  them  in  the  boiler  of 
a  high  pressure  engine,  and  kept  them  there  exposed  to  a  tempera- 
ture ranging  from  145°  to  150°  C.  for  some  months.  Others  he  placed 
in  an  ordinary  kitchen  boiler,  in  which  the  temperature  varied  from 
75°  to  100°  C.  The  first  facts  noticed  are  the  decomposition  of  the 
glass  tubes  employed.  Crown  glass  resisted  the  action  best — better 
even  than  Bohemian — but  it  was  sometimes  acted  on  at  but  slightly 
elevated  temperatures.  English  flint  glass  was  easily  decomposed  by 
the  prolonged  action  of  water  below  100°.  A  fragment  of  flint  or 
Bohemian  glass  enclosed  in  a  tube  of  crown  glass  with  a  little  water, 
was  more  quickly  decomposed  than  with  much  water.  A  moderately 
strong  solution  of  nitric  acid  had  little  or  no  action  on  flint  glass  at 
145°  or  150°,  while  pure  water  soon  changed  it  into  a  white  crystal- 
line mass.     Wood  exposed  to  a  temperature  of  145°  without  water, 

*  From  the  Lond.  Chemical  News,  No.  30. 
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iiiulcrwent  but  little  change,  while  some  ^vith  water  became  (|uitc 
black.  A  brilliant  black  substance  sej)ariite(l  from  the  wood,  but  the 
water  remained  (juite  clear,  altlH)u<;h  it  had  an  acid  reaction,  due  no 
doubt  to  acetic  acid,  and  wlieii  the  tube  was  opened  a  ;j^ood  deal  of 
gas  escaju'd.  Some  of  the  results  obtained  illustrate  tlic  pseudomor- 
phosis  of  minerals,  and  of  these  experiments  we  hope  the  author  will 
soon  publish  a  fuller  account. 
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Air  Engines, 


AMERICAN  PATENTS  ISSUKI)  FKO.M  JUNE  1,  TO  JINK  30,  ISCO. 
O.  M.  Stillinan,  ,         Stoiiington, 


Amalgamator, 

Apples, — Cutting  and  Coring 

Auger, — Tenoning 

Bagasse  Furnaces, 

Bark, — Separating  Qualities  of 

Barometers, 

Barrels, — Securing  Heads  in 

Bed  Bottom, — Spring        . 

Bedstead, 


Bee-hives,  . 

Bells, — Ringing 

Belts, — Strain  on  Pulley 

Blind  Slat  Machine, 

Blowers, 

Boats, — Hook  for  Suspending 

Bolt  for  Doors, 

Bolts  for  Store  Shutters,  . 

Bolting  Chest, 

Boom  Jaws, — Elastic  Lining 

Bonnet  Box,  . 

Boot-jack, 

Boot  &  Shoe  Cleaning  Appar. 

Wiper, 

Boots, — Congress 

Boots  &  Shoes, — Heel  Guard 

Brakes, — Railroad 


-Self-acting  Wagon 


Bran  Dusters, 

Bridges, — Iron        . 

Bridle  Bit, 

Bung  Cutter, 

Burglars  Alarm,  . 

Butter  Worker, 

Buttons, 

Cap  Fronts, — Mode  of  Binding 

Carpenters  Square, 

Carpet  Stretcher,    . 

Carpets, — Laying  and  Stretch'g 

Casting  Metals, — Fac'g  Moulds 

Chains, 

Chisel  for  Opening  Boxes, 

Chronometer  Escapement, 

Churn, 


G.  E.  Mills, 

G.  C.  VVri«lit,      . 

Wm.  A.  Clark, 

C.  A.  Desobry,    . 

Josejih  linikely,  • 

Luiu  Woodrutf,  . 

G.  W.  Banker, 

W  A  Morse  &  D  S  Beans, 

Reuben  Jenkins,  . 

Thomas  Wall,     . 

K.  P.  Kidder, 

Ballhasar  Kitt,     . 

Duir  and  Keating, 

Stephen  Jackson, 

Rufus  Lapham,  . 

C.  L.  Williams,  . 

N.  VV.  Bonney, 

Wm.  C.  Fisher, 

Cogswell  &  McKiernan, 

O.  P.  Rowland, 

C.  A.  Taylor,       . 
George  Wheeler,         . 
James  Chesley,    . 

J.  K.  Staman, 
H.  S.  Holmes,      . 
W.  A.  Harris,  , 

Nehemiah  Hodge, 
J.  H.  Steiner, 
W^rn.  May, 
J.  W.  Houghtelin, 
J.  P.  Fisher, 
Henry  Crane,  • 

John  Tiebout,      . 
J.  C.  Huntley, 
W^m.H.  Wiley, 
Stephen  Krom,  . 

Leon  Londisky,  . 
James  Hathen,  . 

H.  M.  Hartshorn, 
F.  Cist  and  others, 
J.  B.  Hyde, 
P.  D.  Cummings,        . 

D.  M.  Dumzack,  . 
Thomas  Morrison, 

N.  D.  Ross, 

O.  W.  Stanford, 

Harry  Abbott,  . 


City  of 
Le  Roy 
Bethany, 

Placjuemine, 

City  of 

Ann  Harbor, 

Med  ford, 

Boston, 

Covington, 

Jones'  Station, 

Burlington, 

Cincinnati, 

City  of 

Ossippee, 

City  of 

Quincy, 

Victoria, 

Charlestown, 

Butfalo, 

Jamesporf, 

Chicago. 

City  of 

Concord, 

Mifflin, 

Lynn, 

Providence, 

N.  Adams, 

Philadelphia, 

Winchester, 

Du  Quoin, 

Rochester, 

City  of 

Brooklyn, 

Philadelphia, 

Lockport, 

City  of 

City  of 

Philadelphia, 

Maiden, 

St.  Louis, 

Newark, 

Portland, 

Salem, 

Kingston, 

Braintrem, 

Cincinnati, 

N.  Huron, 


Conn. 

<t 

N.  Y. 
Ohio, 
Conn. 
La. 

N.  y. 

Mich. 

Mass. 
(( 

Ky. 

Ohio, 
Vt. 
Ohio, 
N.  Y. 
N.  H. 
N.  Y. 
Fla. 
Texas, 
Mass. 
N.  Y. 


26 
26 
26 
26 
12 
19 

.5 

12 
19 

5 

5 
26 

5 
19 
19 
19 

5 
26 
26 
12 

5 
26 
26 
19 

5 
19 

5 
12 


III. 

N.  Y. 
N.  H. 
Ohio, 
M  ass. 
R.  L 
Mass. 
Penna.  19 
Ohio,  5 
III.  26 

N.  Y.     26 

5 
N.  Y.  5 
Penna.  12 
N.  Y.      12 

5 
N.  Y.  26 
Penna.  26 
Mass.  26 
Mo. 
N.J. 
Me. 
Mass. 
N.  Y. 
Penna. 
Ohio, 


12 

5 

5 

26 

12 

5 

12 

19 
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American  Patents, 


Churn,  . 

Claw  Hiir,  , 

Clothes  Wrinjjpr, 

Clocks, —  ('iilciidar 

Cocks, —  I'ull 

Collci-  Puts, 

Core  Uoxcs, 

(yornices  of  Sheet  Metal, — Form, 

Com  Ihiskrrs, 

■  siiid  Col)  Crushers, 

Planters, 


S  hollers, 


Cotton  Bales, — Iron  Tie  for 

■ Scrapers,    . 

Coupling  and  Uncoupling  Cars, 
Couplings, — Car    . 


for  Railroad  Cars, 


Coupling  for  Shafting, 


Cultivator  Teeth,  . 


Cultivators, 


-, — Cotton 


Cup, — Telescopic  Drinking 
Cut-off  for  S'm.  Engs., — Variable 
Currying  Knife, 
Curtain  Slide, —  Windovsr 
Cutlery,— Soldering  Handles  of 


Dating  Machine, 

Ditching  Machines, 

Dove-tailing  Machines, 

Drills,— Rock 

Drill  Rest, 

Dry  Dock, — Marine 

Dulcimers, 

Dynanometers, 

Eave  Troughs, — Making 
Egg  Beater, 
Electricity, — Utilizing  Atmos. 
Envelope,  . 

Faucets, 


Fenders  for  Docks,  Wharves,  &c. 


S.  A.  Kerr, 

Arbor  Hill, 

Va. 

19 

C.  Wright  «S6  W.  Phelps,     Sycamore, 

III. 

19 

(;.  H.  Beard, 

Cinrinnali, 

Ohio, 

12 

Ifitigins  6c  Willard, 

Somerville, 

Mass. 

19 

y.\)v\\  JVitchard, 

Waterbury, 

(>onn. 

5 

(leorge  l/iach. 

City  of 

N.  Y. 

.5 

'J'liomas  Vales, 

l)ul)ii(|ue. 

Iowa, 

19 

J.  S.  Jliirper, 

J^altiiiiore, 

M<1. 

5 

John  ]-ee. 

Bolivar, 

Ohio, 

12 

D.  M.  Mellord,     . 

Jeffersonville, 

Iik!. 

26 

Amos  (J lover,                , 

Powhatan  Pt., 

Ohio, 

5 

Daniel  Moyer, 

N.  Haiiiluirgh, 

I*enna. 

.') 

I'tollman  Stover, 

W.  Alexandria 

,  Ohio, 

,') 

Davis  Dutcher,    . 

Blue  Grass, 

Iowa, 

26 

T.  S.  Mills 

Iberia, 

Ohio, 

26 

Levi  Morris,          , 

Woodbury, 

III. 

26 

D.  C.  Myers, 

Richmondale, 

Ohio, 

12 

J.  L.  Smith, 

Neoga, 

III. 

26 

Taylor  &  S|)rague, 

Prairie  City, 

(( 

26 

E.  A.  Sinead, 

Tioga, 

Penna. 

5 

J.  P.  Smith, 

.         Huinrnelstown, 

i( 

19 

C.  C.  Bier,            , 

New  Orleans, 

La. 

26 

J.  M.  Coi)l., 

Jackson, 

Tenn. 

26 

Wm.  A.  Herrick, 

Leeds, 

Me. 

19 

J.  S.  Sammons, 

City  of 

N.  Y. 

5 

L.  and  W.  H.  Wadde 

I,       Siaunton, 

Va. 

5 

Wm.  W.  Culpepper, 

Augusta, 

Ga. 

12 

George  liavully,  Jr., 

Champlain, 

N.  Y. 

26 

Samuel  Hall,        . 

C  ity  of 

<( 

5 

H.  L.  Haynes, 

Keene, 

N.  H. 

26 

C.  H.  Say  re, 

Ulica, 

N.  Y. 

19 

Turner  &  Smith, 

Sunapee, 

N.  H. 

26 

Vines  Harwell,    . 

Walker  Co., 

Ga. 

5 

W.  F.  Johnson, 

Wetumpka, 

Ala. 

5 

R.  M.  Brooks,      . 

Greenville, 

Ga. 

26 

J.  F.  Cameron, 

Livingston  Co. 

,  Mo. 

26 

James  Charlton, 

Alleghany, 

Penna. 

26 

0.  F.  Fitch, 

Morristown, 

Ind. 

26 

T.  and  R.  Kinghorn, 

Morgan, 

Ohio, 

26 

J.  M.  Williams, 

.         Greenville, 

Ga. 

26 

P.  H.  Niles, 

Boston, 

Mass. 

5 

David  Fellenbaum, 

Lancaster, 

Penna. 

5 

Wm.  P.  Moses,  . 

Exeter, 

N.  H. 

5 

Gregor  Trinks, 

Jersey  City, 

N.J. 

26 

E.  A.  Godfrey,    . 

Hartford, 

Conn. 

12 

(( 

a 

<( 

12 

G.J.Hill, 

Buffalo, 

N.  Y. 

26 

P.  W.  Adaire, 

Hays'  Creek, 

Miss. 

5 

H.  W.  Jelliff,        . 

Appleton, 

Ohio, 

12 

E.  L.  Foole, 

Springfield, 

III. 

5 

Cornelius  Teachout, 

W'aterford, 

N.  Y. 

19 

H.J.Crandall, 

New  Bedford, 

Mass. 

12 

John  Low, 

Clinton, 

(( 

19 

Warren  &  Damon,  Jr 

,        Boston, 

u 

26 

Ludlow  Pierson, 

Jeffersonville, 

Ind. 

26 

McLean  &  Morley,    . 

City  of 

N.  y. 

19 

H.  C.  Vion, 

Paris, 

France, 

19 

Benjamin  Morrison,    . 

Philadelphia, 

Penna. 

19 

D.  H.  Thorp,       . 

Chelsea, 

Mass. 

19 

L  C.  Tate, 

New  London, 

Conn. 

12 

Jacob  Moomey,   , 

Clinton, 

Iowa, 

19 
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Fibrous  Materials, — Surfacing 

Flit's, — Manufacture  of 

Fillers, 

Fire  Arms,— Self-loading 


IJrick, 

Engines, — Nozzle  for 

Escape,  . 


Wood, — Bundlinj? 

Flour, — Machines  for  Packing 

Fog  Alarms, 

Fruit, — A}>|)aratus  for  Drying 

Fruits, — Machine  for  Stoning 

P'u  maces. 

Furniture, —  Folding 

, —  Polish  for 

Gauge  for  Filling  Barrels, 

Game-box, 

Garter, 

Gas  Burners,  , 


Holders, 


Wm.  Fu/./.urd,  . 

M.  1).  Whipple,  . 
'1\  C  Simonton,  . 

N.  W.  Brewer,     . 
Jainrs  Lord,  . 

Kben  Sea\ey,        . 
J.  C  Howels,  , 

W.  B.  Avery,        . 
C.  W.  (.'rosley, 
J.J.  Hnlwell. 
Wm.  McC'oid, 
Patten  and  Terrv, 
C.J.Hobe, 
S.  A.  Clapp, 
C.  L.  Daboll, 
I^aac  Kaii.iall,  2d, 
Kol)ert  McCornjick,     . 
C.  F.  Baxter,        . 
Albert  'I'racy, 
Andre  Sabatier,  • 

W.  H.  Noves, 
S.  F.  Bro-.'ks, 
J.  P.  Fuller. 
Wendell  Wright, 
Woodworm  &  Wethered, 
James  McGlensey, 
0.  L.  Lawson, 
Levi  Short, 


, —  Manuf.  of  Illuminating 

Metres, — Liquids  for  Fluid  James  Taylor, 


Regulators, 
, — Broiling  or  Roasting  by 
Tubes, — Flexible 


Gases, — iS'aphthalizing 

Gearing, 

Grain  Binders,        . 


Separators, 


Grindstones, — Dressing 
Gun, — Toy 

Hame  Tug  and  Buckle, 
Harrows,  . 


Harvesters, 


S.  H.  Whitaker, 
W.  F.  Shaw, 
John  Butler, 
E.  H.  Ashcroft, 
P.  D.  Cummings, 
Herman  Kaller, 
W.  W.  Burson,  . 
McGahcy  and  Foote, 
J.  F.  Schuyler, 
W.  H.  Stevens, 

J.  S.  Topham,     . 

D.  C.  Colby, 

S.  A.  and  C  C.  Morgan, 

Robert  Bryson, 

S.  and  J.  H.  Barley, 

Joseph  Woodruff, 

Benaiah  Tilcomb, 

John  Oilis, 


-, — Automatic  Rakes 
-, — Raking  Attachment  Daniel  Guptail, 
Apparatus    A.  B.  Smith, 


Hat  Conformaturcs, 

Cushion, 

Hats, — Cigar  Rack  for 

Hay  Elevators,       . 

, — Loading  , 

, — Unloading 
Heating  Air  by  Steam, 

Apparatus, 

Hinges, 

Hinge, 

Hook, — Self-mousing 

Horse-powers, — Gearing  for 

Vol.  XL. — Third  Series. — No.  3. — September,  1860. 


John  Dickson,  Jr., 
A.  D.  Purinton, 
F.  L  Miller, 
Wm.  E.  Durkee, 
\Vm.  Dixon,        . 
T.  J.  Jollv, 
H.  H.  Angell,      . 
James  Hollingsworth, 
Lyman  Bridges, 
A.  W.  Sweeny, 
H.  ^L  Zimmerman, 
J.  R.  Henshaw, 
Cyrus  Avery, 


Chnrlestown, 

Mas*. 

)'J 

CliarleKtown, 

MuKK. 

IM) 

I'aterKOn, 

N.J. 

'2(i 

WilliuiuMport, 

I'enna. 

.    \'Z 

MinerKville, 

t< 

]'i 

Boston, 

Mass. 

\'Z 

Madison, 

Wis. 

*JG 

Cambridge, 

Mans. 

.«) 

City  of 

N.  V. 

I'J 

tt 

t< 

20 

Sing  Sing, 

<t 

'JO 

Albany, 

(1 

20 

City  of 

u 

19 

Hamilton, 

III. 

.5 

New  I^ondon, 

Cfinn. 

20 

Claremont, 

N.  H. 

19 

Greenville, 

Va. 

20 

Boston, 

Mass. 

19 

r.  s.  A., 

12 

City  of 

N.  v. 

19 

Boston, 

Mass. 

5 

Weston, 

»• 

19 

City  of 

N.  Y. 

20 

>t 

<i 

12 

San  Francisco 

,   Cal. 

12 

Philadelphia, 

Penna. 

,    19 

City  of 

N.  Y. 

20 

Butfalo, 

(( 

12 

Dartmouth, 

Mass. 

.5 

Cincinnati, 

Ohio, 

12 

Boston, 

Mass. 

19 

Brooklyn, 

N.  y. 

12 

Boston, 

Mass. 

5 

Portland, 

Maine, 

5 

Perry, 

III. 

5 

Yates  City, 

<( 

20 

McGaheysville, 

,  Va. 

12 

Philadelphia, 

Penna. 

5 

Syracuse, 

N.  Y. 

12 

Washington, 

D.  C. 

12 

Newport, 

N.  H. 

20 

Auburn, 

N.  Y. 

20 

Schenectady, 

(( 

5 

Longwood, 

Mo. 

19 

Rah  way, 

K.J. 

5 

Baltimore  co.. 

Md. 

n 

Bloomington, 

III. 

20 

Elgin, 

a 

26 

Clinton, 

Penna. 

19 

Brooklyn, 

N.  Y. 

5 

Dover, 

N.  H. 

20 

Brooklyn, 

N.  Y. 

19 

Fort  Edward, 

<( 

13 

Chicago, 

111. 

20 

Olean, 

Ind. 

20 

Clermont, 

Iowa, 

20 

Chicago, 

111. 

5 

tt 

a 

19 

Washington, 

B.C. 

26 

t{ 

a 

26 

Middletown, 

Conn. 

12 

Tunkhannock, 

Penna. 
18 

5 

20G 


American  Patents, 


Iloifio-shors, 
Hosi'  I'lpc, 
]Iot-air  Engine, 
II  ydniiitf, 

India  Kvil)l)or, — Trcntnirnt  of 
Iiioculiiling, — Apparuluscs  for 

Jars, — Moulds  for 

Key  Scuts, — Mach.  Tor  Cutting 

Lamps, 


-Coal  Oil 
-Vapor 


Lath  Machines, 

]jeatlier, —  Bulling  and  Reducing 

, — Finishing 

, — Skiving 

Ijcather-splitting  Machs., — Feed 

J.il'ting  Handles,     . 

Light  Joints, — Drop  . 

IjOcIc, 

TiOcks,  • 

Lozenge  Machines, 

Lubricating  Journals,        . 

Medical  Compound, 
Measuring  Liquids, — Appa's  for 


Mills, 


-Grinding 


Millstones, — Dressing        t 
Millstone  Dress, 
Millstones, —Cooling,  &c., 
Alirrors, — Silvering 
Mowing  Machines, 

Nail-cutting  Machine, 

Neck  Stock, 

Needles, — Machine  for  Making 

Newspaper  File, 

Oil  from  Resin, — Distillation  of 
Ores  and  Coal, — Desulphurizing 
— —  of  Gold,  &c., — Treating 

Paddle  Wheel, — Feathering 

Paints, — Mixing 

Paper, — Machine  for  Wetting 

Pegging  Machines, 

Pen  and  Pencil  Case, 

Pen-holder, 

Photographic  Baths, 

Cameras,    . 

Piano-forte  Hammers, — Covers 

Picks, 

Pitcher, — Beer       • 


T.  M.  Coleman, 

Philadelphia, 

Penna. 

12 

(MMkrgo  Stnitli,     . 

Macon, 

Ga. 

12 

AVtn.  D    (irimshaw,     . 

Mewiirk, 

N.J. 

1!) 

AHVed  Johnson,  . 

Philadelphia, 

Penna. 

VZ 

A.  K.  Katon, 

City  of 

N.  Y. 

19 

AllVeil  Stauch,      . 

Philadelphia, 

Penna. 

\'Z 

(ieorgo  Scott, 

Cincinnati, 

Ohio, 

5 

W.  C.  Bemcnt,   . 

Philadelphia, 

Penna. 

5 

E.  J.  Hale, 

Foxcroft, 

Me. 

12 

Jennison  and  Hale, 

« 

ii 

12 

Chas.  Miller, 

St.  Louis, 

Mo. 

12 

0.  and  11.  S.  Snow, 

West  Meriden, 

Conn. 

12 

E.J.Hale, 

Foxcroft, 

Mc. 

19 

i< 

i< 

(t 

2G 

R.  S.  Merrill, 

Lynn, 

Mass. 

19 

Jose|)h  (>larkc,     . 

Syracuse, 

N.  Y. 

12 

C.  W.  Uichter, 

Madison, 

Ga. 

12 

George  Walker, 

Philadelphia, 

Penna. 

20 

McLean  &  Gummer, 

Lulianapulis, 

Ind. 

26 

Joshua  Turner,    . 

Cambridgeport, 

Mass. 

5 

S.  P.  Cobb, 

S.  Danvers, 

(< 

.5 

E.'J\  Ingalls,       . 

Haverhill, 

(( 

5 

D.  H.  Chaml)crlain,    . 

West  Roxbury, 

(< 

5 

Joseph  Otlner, 

New  Britain, 

Conn. 

20 

T.  G.  Arnold, 

City  of 

N.  Y. 

5 

E.  W.  Brettell,    . 

IS'ewark, 

N.J. 

20 

Linus  Yale,  Jr., 

Philadelphia, 

Penna. 

12 

Rhoda  Sowle, 

Fall  River, 

Mass. 

19 

Andrews  &  Carr, 

Palo  Alto, 

Penna. 

19 

J.  J.  Reeves, 

Sulphur  Sp'gs, 

Texas, 

26 

Hiram  James, 

Barclay, 

III. 

5 

John  C.  Rankin, 

Mt.  Vernon, 

N.  Y. 

12 

Leonard  Coleman,       . 

New  Orleans, 

La. 

12 

E.  D.  Clark, 

Earlville, 

N.  Y. 

26 

H.  C.  Velie, 

Poughkeepsie, 

t( 

26 

Samuel  Moore,    . 

Wellsburgh, 

Va. 

12 

Joel  Bowman, 

Somerset, 

Ohio, 

5 

J.  W.  Gaines, 

Melrose, 

Texas, 

26 

Akins  and  Babcock,    . 

Dryden, 

N.  Y. 

12 

H.  Poissonnior,    . 

City  of 

11 

19 

Chester  Bullock, 

Jamestown, 

11 

5 

Wm.  Wickersham, 

Boston, 

Mass. 

26 

Wm.  Watson, 

Lowell, 

Ind. 

12 

Frederic  Plant,    . 

City  of 

N.  Y. 

19 

J.  iN.  Jacobs, 

Worcester, 

Mass. 

19 

Samuel  Frazer,    . 

Galena, 

III. 

12 

Wm.  H.  Letterman,    . 

Philadelphia, 

Penna. 

26 

John  McCullock, 

San  Francisco, 

Cal. 

26 

R.  Williams  &  S.  Wilson, 

Buffalo, 

N.  Y. 

12 

S.  G.  Cheever, 

Boston, 

Mass. 

5 

Andrew  Overeiid, 

Philadelphia, 

Penna. 

26 

J.  J.  Greenough, 

City  of 

N.  Y. 

26 

G.  E.  Frew, 

Brooklyn, 

(( 

12 

A.  F.  Warren, 

(i 

<( 

19 

Wm.  and  Wm.  H.  Lewis 

,  City  of 

(( 

26 

E.  M.  Corbett, 

n 

« 

19 

Jehiel  Munson,   . 

Burlington, 

Vt. 

19 

J.  C.  Reed, 

Cincinnati, 

Ohio, 

5 

0.  Z.  Pelton,       . 

Middletown, 

Conn. 

19 

AjncricdH  Patents  trhich  issued  in  June,  18G0. 
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JNfi'liors,— Spout  niul  Lid  of 
JMiuiinj?  Warpod  Surliiccs, 
]'l;iu«'-irt)n  JSlii/.rpiMiers, 


-, — Moles  for  Drain 


-, — Strain 


Pill  rubers  Joints, — Makini? 
Portt-r  liottle  Boxes, 
l*ost-liole  Diuijers, 
l'it'S(Mviii<j  Meats,  . 

PriiitiM}^  I'ress, 


l*resse?, — Cotton    . 
P  ro  pc  Her, — Marine 
Prussian  Blue, 
Pumps, 


-,  &c., — Air  Vessels  of 


David  Baker, 

John  (jirecn, 

Joshua  'i'umer,  . 

AN  hitman  Price, 

('.  V.  Ki.-ht.'r, 

Iv.  S.  W  ilhiiniM, 

'J'.  K.  Markillie, 

l*omeroY  «.V  Huiloon, 

J.  M.  Cohli. 

llawkius  tt  r»intenriey, 

Shipp  *fc  Cri'usliaw,     . 

J.  P.  'I'hompsori, 

Albert  Bij^rlow, 

L.  B.  Uoolfolk,  . 
it 

J.  P.  Haves, 
G.  W.  liightcr, 
John  Lee, 

C.  VV.  Oliver, 
M.  S.  Beaeh, 

G.  C.  Howard,  , 

Smith  <fe  Orvis,    . 
A.  B.  Tavlor, 
George  Milliran, 

D.  D.  Porter, 
James  (J lark, 
N.  S.  Bean, 
George  Palmer,   . 
A.  H.  Rauch, 
Edward  Wade,    . 

Philip  Estes,  , 

Gates  and  Frazer, 


llarwieh,  Mans. 

Br.ioklvri,  N.  Y. 

('amhri(ly;eport,  MaHs. 


A\  uyne  (Jo., 

('olurnliirt, 

Biiiidstown, 

W'inehester, 

Providenee, 

Jaekson, 

(Canton, 

La  (Jrange, 

Jackson, 

Hamilton, 

Nashville, 


s.  c. 

(ia. 

III. 
li.  L 
'i'ciin. 
III. 
'reiin. 

C.  VV. 
'J'enn. 


Philadelphia,      Penna. 


Bolivar, 

City  of 

Brooklyn, 

Phila{lel|)hia, 

Oakficld, 

ISewark, 

Byhalia, 


Ohio, 
N.  V. 

Penna. 
Wis. 
N.  J. 
Miss. 


U.  S.  N., 


Newark, 

Manchester, 

Littlestown, 

Bethlehem, 

Norwich, 

Leavenworth, 
Chicago, 


Quartz-crushers, 

Quartz, —  Stamping  Metal 

, — Machines  for  Crushing  F.  N.  Du  Bois, 

Railroad  Car  Trucks, — Bolsters    M.  C.  Andrews,  .  Lawrence, 

Wheels,        .  J.  H.  Steiner,  .  Philadelphia, 

Station  Indicators,  E.  M.  &  J.  E.Woodward,  " 

Cars, — Sprinkl'g  attach.  Henry  Mitchell,  .  Cincinnati, 

Railroads. — Iron  Rails  for  Street  S.  A.  Beers,  .  Brooklyn, 

Rakes, — Bending  Teeth  for  Henry  Brandt,  .  Columbia, 

Reaping  and  Mowing,       .  Daniel  Sheets  and  others,  Suisun  City, 


Roofing  Houses, — Composition  J.  A.  Hawley, 
Roots, —  Houses  for  Preserving  T.  V.  Bush, 
Rotary  Engines,     .  T.  H.  Witherby, 
.  J.  Rix  &  J.  S.  Shaw, 

Saccharine  Juices, — Evaporating  Gilbert  &  Ames, 

Saddle,— Military  .  W.H.Jenifer,     . 

Sad-iron  Heater,    .  VJ .  J.  Andrews, 

Safes, — Composition  for  Lining  Jabez  Jenkins,     , 

Sails, — Securing  Reef  Points  of  J.  W.  Logan, 


Sash-fastener, 
Sausage-filler, 
Scroll-sawing  Machine,     . 
Saws, — Grinding   . 

, — Sharpening 

, — Tabs  for  Cross-cut 


Lafayette  Bartoo, 
J.  G.  Perry, 
W^  p.  Wood,      . 
Wm.  Dougherty, 
John  Armour, 
T.  S.  Disston, 


Screws  and  Nuts, — Anti-friction  C.  F.  Spencer, 

, — Die-plate  for  Cutting     E.  P.  (xleason, 

Seats, — Adjustable  Carriage 


Seed  Planters, 


I.  L.  Vansant, 
J.  A.  Nay  lor, 
H.  C.  Fairchild, 
James  Green, 


Jackson, 
Gallatin, 
W^orcester, 
Springfield, 

Bayou  Goula, 
Baltimore, 
Columbia, 
Philadelphia, 

East  Aurora, 

S.  Kingston, 

Washington, 

Philadelphia, 

Helena, 

Philadelphia, 

Rochester, 

Providence, 

Red  Lyon, 

Railway, 

Brooklyn, 

Kennett  Sq., 


N.  J. 
N.  H. 

Penna. 

« 

Conn. 

K.  T. 

III. 

(< 

Mass. 

Penna. 
i( 

Ohio, 

N.  Y. 

Penna. 

Cal. 

Mich. 

1'enn. 

Mass. 

Mo. 

La. 
Md. 
Tenn. 
Penna. 

N.  Y. 
R.  L 
D.  C. 
Penna. 
Ark. 
Penna. 
N.  Y. 
R.  L 
Del. 
N.J. 
N.  Y. 
Penna. 


10 

.'■> 
20 
I 'J 
13 
2« 
12 

2f; 

1!) 
19 
2(5 
1!) 
.') 
20 
19 
20 
20 
20 
20 

12 
12 
12 
5 
5 
12 

12 
19 
26 

5 

19 

20 

19 

19 

.5 

19 

5 

.5 

.5 

26 

5 

26 

.5 

19 

5 

19 

20 

19 

19 

5 

.5 

5 

19 

19 

26 

5 

5 
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SiMil  IMuntors, 


h^cj'dH, —  lM;inling  Codon 


Srcdijif^  Mucliiiies, 


JSfwinp 


Shingle  Machines, 


American  Patents 

A.J.  It()});orfl, 
llrrvc}'  Sloiin, 
l)iivi(l  Warren,    . 
lOlijali  \'()Uin?, 
\\  liitiiiun  I'rico, 
Jh'iijainin  Owon, 
\V.  A.  iiixl  J.  F.  Ruddilh, 
Matthrw  Mitchell, 
M.n.Hupp, 
]).  W.  M.  I.owcr, 
J(>soi)h  Sutler,     . 
'J'hoinas  Wilson, 
Win.  Workman, 
Scolirld  and  Kice, 
W.  H.  Smith,       . 
Joseph  (Jciermann, 
I.  M.  Hose, 
J.  S.  St»?iner, 
E.  S.  Ycnizer,      . 
J.  E.  A.  CJihhs, 
Austin  Lcyden,    . 
Fr.  'J'ofmenburger, 
■Guides  for    W'm.  Price,  . 

Wm.  Rankin, 

-Hemmers     W.  P.  Mitchell, 
-Marking  in  H.  W.  F'uller, 
-Shuttles       George  Juengst, 
-Starting       T.  J.  Alexander, 

McLean  and  Grummer, 

J.  D.  Chism, 

E.  T.  Wheeler,    . 

J.  M.  Carlisle, 

A.  I.  Gove, 


Shingles  from  Bolt, — Sawing 

Ships  Windlass, 

Shoe  Tips,— Cutting  Blanks  for  G.  A.  Mitchell, 

, — Swaging      .  " 

Shutter  Operator,  Chas.  Seltman, 

Skirt  Hoops,  .  Stokes  &  Jones, 

Skirts, — Making  Hoop  tsesar  Newman, 

, — Manufacturing  Skeleton  F.  S.  Otis, 

, — Skeleton   .  S.  S.  Sherwood, 


Sleighs, — Attach. Whiffletrees  to  A.  P.  Hutchinson, 


Spoke  Machines, 
Spring  Balances, 

, — Door 
Springs, — Car 


Stave  INIarhine, 
Steam  Boiler, 
Boilers, 


-Tempering  Steel 


-Alarm  Gauge 
-Explosion  of 
■Feed-water 


Stam  and  Shubert, 
Wm.  A.  Crowell, 
Jacob  Post, 
Richard  V^ose, 

C.  G.  &  H.  M.  Plympton, 

Wm.  Trapp, 

J.  S.  Colvin, 

M.  R.  Clapp, 

E.  A.  Kimball,     . 

H.  L.  Justice, 

Ephraiin  Pierce, 

Wm.  C.  Drum, 


Engines, — Reg.  Exhaust  James  Thierry, 
-,— Slide  Yalves    E.  M.  Lewis, 


Pressure  Gauge, 

Radiators, 

Stuffing-box  for  Rolls, 

Trap, 

Valve, 


Steering  Apparatus, 
Stills, 


Wm.  H.  Allen,    . 
A.  P.  Pitkin, 
Hugh  Campbell, 
C.  C.  Walworth, 
Leopold  Bennett, 
A.  D.  Rollins, 
S.  Godfrey  and  others, 


Stcphentown, 

Franklin, 

(Jeltysburgh, 

FayettevilN;, 

Mount  Olive, 

J)ayt()n, 

Charlcstown, 

Altona, 

McVeytown, 

Albia, 

City  of 

Winterset, 

]ii[)()n, 

Adams, 

Birmingham, 

All)any, 

City  of 

St.  Louis, 

Middletown, 

Mill  l^int, 

Atlanta, 

Chicago, 

City  of 

Richmond, 

Baltimore, 

Brooklyn, 

City  of 

Westerville, 

Indianapolis, 

Albany, 

Cannelton, 

Greenwood, 

San  Francisco, 

Turner, 

Washington, 
City  of 

Brooklyn, 

City  of 

Pembroke, 

Sardinia, 

Salisbury, 

Newark, 

City  of 

Walpole, 

Elmira, 

Pittsburgh, 

Seneca  Falls, 

Boston, 

Nashville, 

Cincinnati, 

Bellevernon, 

Detroit, 

Philadelphia, 

Brooklyn, 

Hartford, 

Newtown, 

Boston, 

Pittsburgh, 

Green  Point, 

Fairfield, 


N.  Y.  19 
Lid.  26 
]*enna.  26 
Mo.  26 
N.  C. 
Ohio, 
Ya. 
III. 
Penna.  19 
Iowa,  26 
N.  Y. 
Iowa, 
Wis. 
N.  Y. 
('oiin. 
N.  Y. 


Mo. 
Penna. 
Ya. 
Ga. 

III. 

N.  Y. 
Va. 
Md. 

N.  Y. 

<( 

Ohio, 
Ind. 
N.  Y. 
Ind. 
S.  C. 
Cal. 

Me. 

(( 

D.  C. 

N.  Y. 


N.  H. 

Ohio, 
Conn. 
N.J. 

N.  Y. 


.5 
26 
26 

5 


26 
26 
26 

5 
19 
19 
19 
19 
19 
26 
26 
26 
19 
19 
26 

5 
26 
12 

5 
12 
19 
19 
12 
26 
26 
26 
12 
26 

5 
26 
26 
19 
26 
12 

5 
12 

5 
12 


Mass. 
N.  Y. 
Penna.  12 
N.  Y.  12 
Mass. 
Tenn. 
Ohio, 
Penna.  26 
Mich.  26 
Penna.  12 
N.  Y. 
Conn. 


19 
12 
12 


Mass. 
Penna. 
N.  Y. 
Ohio, 


19 
12 
12 
19 
5 
19 
26 


A7ncrican  Patents  which  issued 


5§top-rocks, 

Slovcs, 

, — Cookinjj 

^tunij)   Exlractiirs, 


Kol)Prt  .N'icoll, 
M'.  H.  S.i.iih,      . 
S    S.  Jcwclt, 
A.  S.  JSlrrlmc^,       . 
A .  UrounlitDii, 
Joliii  llaiiilyi), 
INatliau  I'urisli, 
1{.  a.  C.  Taulson, 
T.  II.  t^iick. 


i5iitiar. —  Clarifyini; 

. —  Mncluiu'  lor  (titling 

JSulpliurous  A«.iJ, — Mauulac.  of   Maicilin  6c  Eudc, 

Tabic  Plate, 
Till  iJDxrs, — >!akinfr 
Tiros,  —  Heating  Wagon 
, — Upset  tin  a: 


Tobacco  l^rcss, 

Tooth  Brush, 

'J'orclj  for  Niirht  Processions, 

Torches, — Cias 

Trap. — Animal 

Tubes, — ('oat.  for  inter,  of  metal  John  Matthews,  Jr., 


D.  II.  Shirley, 
C  J.  HavwooJ,   . 
I.  X.  Whitaker, 
Henry   Harrinijer, 
John  fc>wccney, 
H.  N.  Watlsworlh, 
Isaac  Kdge, 
G.  C.  Drower, 
W'm.  Wright, 


'J'urbJMe  Wheels, — Hanging 

Tueer, 

Type, — Setting, 

, — Scouring  . 

Typography, 

Ventilation  of  Casks, 
A'ehicles, — Shalt.s  to  two-wheel 
Vulcanizing  Rubber, 

Washboard, 

Washing  Machine,  . 


71  June,  18G0. 

City  of  N.  Y. 

iS'»  wport,  K.  I. 

liullalo,  ^.  V. 
it  <i 

Malone,  " 

Uellevue,  Mich. 

Galcsburgh, 

City  of  N.  V. 

it  >t 

New  Orleans,     I*a. 

Boston,  Mass. 

iJurham,  Conn. 

Foreston,  III. 

Wataga,  " 

Chicago, 
Washinulon, 
Jersey  City, 
New  Orleans, 
Philadelphia, 
City  of 


A  Warren  «&  E  Damon,  Jr.,  Boston, 
Marvin  Mead,       .  Bedford, 

Henry  Hargcr,  .         Delhi, 

J.  G.  Pavyer,        .  St.  Louis, 

A'illet-Collignon  &  George,Paris, 

Louis  Wilhelm,  j  Buffalo, 

H.  M.  Walker, 
G.  E.  Hays, 

Isaac  Cook, 

H.  Ehrman  and  others, 

J.  W .  Crane,  Jr., 


Watch  Chains, 

Chain  Hook, 

Key  and  Guard  Bar, 


P.  Z.  Allen, 

C.  B.  Carpenter, 
E.  JV.  Foote, 

D.  F.  Elmer, 
C.  W^  Clewley,  . 
Thomas  Grundy, 
John  Chami)!in, 


AVatches, — Constructing  Rims 
Water  Closets, 

Elevators, 

in  Pipes, — Reg.  pressure  James  Stratton, 

Wheel,  .  A.  Morehouse,     . 

Wheels,      .  Caleb  Bond, 

^^"eig!Hng  and  Bagging  Grain,     J.  M.  Fish, 
Willows,  &c., —  Removing  Bark  I*.  A.  Beardsley, 


Watertown, 
Buffalo, 

Mt.  Pleasant, 

Annville, 

Freeport, 

Knox, 

IV.  Attleboro', 

City  of 

Haydenville, 

Providence, 

Boston, 

E.  Middlebury,  Vt. 


D.  C. 
-\.  J. 

La. 

Penna. 
IV.  V. 

Mass. 

Mich. 

Iowa, 

Mo. 

France, 

N.  V. 

Conn. 

JV.  y. 

Iowa, 

Penna. 

III. 

IV.  Y. 

Mass. 

N.  Y. 

Mass. 

R.I. 

Mass. 
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vz 
I'j 
iii 

I'J 
Iii 

12 
,5 
12 
I'J 
2(5 
I'J 
12 
.'> 

ly 

.5 
.5 
12 
26 
26 
12 


Window  Blinds,  . 

Curtain, 

Windmills, 

Wire  Rope, — Making 

^Vood  and  Metal, — Finishing 

Wrench, 

EXTENSIONS. 

Dredging  Machines,  . 

Stoves, — Cooking 


C.  W.  Smith, 
G.  L.  Kelty, 
Walter  Peck, 
Cornelius  Collins, 
George  Stover,     . 
A.  T.  Gove, 


Carmichael  &  Osgood, 
R.  D.  Granger,  • 


Brooklyn, 

Farmer, 

Richmond, 

Buffalo, 

S.  Edmeston, 

Evans, 

City  of 

Rockford, 

Brooklyn, 

iVew  Britain, 


N.  Y. 

tt 

Ind. 
N.  Y. 


III. 
X.  Y. 

Conn. 


San  Francisco,   Cal. 


Brooklyn, 
Albau}, 


X.  Y. 


ADDITIONAL  IMPROVEMENTS. 


Cakes, — Cutting  and  Panning 

Molding  Machines, 

Quartz, — Crushing 

Skates  to  Boots, — Attaching 

Steering  Apparatus, 

Tile, — Laying  Drain 


J.  H.  Shrote, 
E.  M.  Smith, 
J.  C.  Dickey, 
T.  S.  Whitman, 
Daniel  Jones, 
B.  B.  Briggs, 


Baltimore,  Md. 

Shelbyville,  Ind. 

Saratoga  Sp'gs,  N.  Y. 
City  of  " 

Boston,  Mass. 

Sharon,  Ohio, 

18» 


19 
19 
12 

5 
.5 

12 
26 
19 
26 
26 
19 
26 
26 

5 
12 
26 

5 
26 
26 

5 
19 
19 
19 
12 


.5 

12 


26 
26 
12 
19 
26 
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Frarildin  Institute. 


nE-I8SUK3. 


Corn-slu'llcrs, 

Nathaniel  Drake, 

Newton, 

N.J. 

12 

Grass, —  Mat'hinos  for  Cutting 

C.  11.  McCorniick, 

Chicago, 

III. 

.5 

it 

it 

it 

6 

5 

Hair  lirush  Handles, —  Finisliii» 

g  Thomas  Mitchell, 

TiansiDgburgh, 

N.  Y. 

2f) 

llarvrstcrs,— clover  &  p^rass  seed  W.  N.  Whitcly,  Jr., 

Springfield, 

Ohio, 

19 

_                 «( 

i( 

t< 

19 

19 

5 

_                  « 

« 

<( 

.lacoh  Svvnrtz, 

Buflalo. 

N.  Y. 

(3yrcii\is  Wheeler,  Jr 
N.  Y.  Kul.her  Conipa 

Poplar  Kidgo 
City  of 

(( 

5 

Hose  Pipe, — Coating  for 

"y. 

<( 

5 

India  Rul)l)er, —  Vulcanizing 

J.  P.  Trotter, 

n 

(( 

19 

liCnsos, — Fluid                    , 

Seliffrnan  Kakeles, 

(( 

(( 

26 

Keapiiig  &  Mowing  Machines, 

C.  II.  McCormick, 

Chicago, 

111. 

.5 

<i 

(( 

t< 

5 

(( 

u 

(( 

5 

Kcflector, — Night-light 

.Tolin  Wyherd,     . 

City  of 

N.  Y. 

12 

Skeleton  Hoop  Skirts, 

Caesar  Newmann, 

(( 

<( 

26 

Pailroad  Cars  and  Carriages, 

P   G.  Gardiner,    . 

<( 

(( 

12 

Steering  Apparatus, 

Wm.  God  see. 

Manchester, 

Mass. 

12 

Water-closet,                        . 

Wm.  S.  Carr, 

City  of 

N.  Y. 

12 

Water  Wheel, 

.1.  P.  Collins, 

Troy, 

i( 

12 

Window  Stop,                    , 

Williams  &  Heaton, 

Providence, 

R.L 

13 

DESIGNS. 

Bust  of  Abraham  Lincoln, 

L.  W.  Volk, 

Chicago, 

111. 

12 

Carpet  Patterns, 

E.  .1.  Ney, 

Lowell, 

Mass. 

12 

Pattern  (11  cases). 

H.  G.  Thompson, 

City  of 

N.  Y. 

19 

Carpets, 

E.  J.  Ney, 

Lowell, 

Mass. 

12 

Decanter  Stoppers, 

Wm.  Pountney, 

City  of 

N.  Y. 

19 

Fire  Shovel  (4  cases^, 

Lemuel  Morgan, 

S.  Norwalk, 

Conn. 

19 

Nut-cracker, 

S.  G.  Smith, 

City  of 

N.  Y. 

12 

Pump,                                  . 

Birdsill  Holly,      . 

Lockport, 

(( 

19 

Range, — Cooking 

A.  C.  Bar  stow, 

Providence, 

R.L 

12 

Gardiner  Chilson, 
J.  L.  Jones, 

Boston, 
Slatington, 

Mass. 
Penna. 

12 
12 

Roofs, — Ornamental  Ridge 

Stove, 

S.  W.  Gibbs,       . 

Albany, 

N.  Y. 

12 

C*n{\\r^'^ 

N.  S.  Vedder, 
R.  H.  N.  Bates,  . 

Troy, 
Providence, 

« 

12 
12 

, — Cooking 

R.L 

, — Parlor         • 

Louis  Meyer, 

St.  Louis, 

Mo. 

19 

FRAKKLIN  INSTITUTE. 

Proceedings  of  tJie  Stated  Montldy  3Ieeting,  August  20,  1860. 

John  Agnew,  Vice-President,  in  the  chair. 

Isaac  B.  Garrigues,  Recording  Secretary. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Letters  were  read  from  the  Royal  Society  of  London,  and  from  the 
State  Librarian  of  Pennsylvania,  Harrisburgh,  Penna. 

Donations  to  the  Library  were  received  from  the  British  Govern- 
ment, the  Royal  Society  and  the  Statistical  Society,  London  ;  the 
Royal  Cornwall  Polytechnic  Society,  Falmouth,  England  ;  the  Nieder- 
Osterreichischen  Gewerbe  Vereines,  Vienna,  Austria ;  the  Smith- 
sonian Institution,  and  the  Hon.  P.  F.  Thomas,  Commissioner  of  Pa- 
tents, Washington,  D.  C;  the  Maryland  Agricultural  College,  Prince 
George's   County,  Maryland :   Wm.  J.  Lewis,  Esq.,  San  Francisco, 


Proccedui(j8  of  the  Franklin  Institute.  211 

California;  Dr.  Chas.  M.  Wotliorlll,  Liifayotte,  Jndianii;  Messrs.  Liltlc, 
Brown  &  Co.,  Boston,  Mass.;  Messrs.  C.  W.  Eliot  and  F.  II.  Storcr, 
Canibridii^o,  Mass.;  J.  S.  Ilonians,  Escj.,  and  the  Mercantile  Library 
Association  of  the  City  of  New  York  ;  the  Mercantih'  Library  Asso- 
ciation of  l^rooklyn,  New  York  ;  and  Prof.  John  F.  Frazer,  IMiilada. 

The  Periodicals  received  in  exchange  for  the  Journal  of  the  Listi- 
tute,  were  laid  on  tlie  table. 

The  Treasurer's  statements  of  the  receipts  and  payments  for  the 
montiis  of  June  and  July  were  read. 

The  Board  of  Managers  and  Standing  Committees  reported  their 
minutes. 

Four  resignations  of  membership  in  the  Listitute  Avere  read  and  ac- 
cepted. 

Candidates  for  membersliip  in  the  Institute  (12)  were  pwposcd,  and 
the  candidates  proposed  at  the  last  meeting  (5)  duly  elected. 

Mr.  llowson  exhibited  a  specimen  of  a  hand-saw  manufactured  by 
Mr.  IL  Disston,  of  the  ^''Keystone''  Saw  Works  of  this  city. 

In  form  and  weight  it  diftered  but  little  from  hand-saws  of  ordinary 
construction  ;  it  is,  however,  by  its  peculiar  construction,  rendered 
available  as  a  rule,  a  square,  a  level,  and  a  plumb-rule.  On  the  han- 
dle of  the  saw  are  formed  two  shoulders  at  ri^ht  angles  to  the  back 
edge  of  the  blade,  thus  converting  the  instrument  into  a  square.  In 
the  handle  are  let  two  spirit  tubes,  one  being  placed  at  right  angles 
to,  and  the  other  parallel  with  the  back  edge  of  the  blade,  so  that  the 
latter  can  be  applied  as  a  level  or  plumb-rule,  the  blade  itself  being 
graduated  into  feet  and  inches  for  ordinary  measuring  purposes. 

Mr.  Howson  also  exhibited  a  specimen  of  fractured  brass  submitted 
by  Mr.  T.  Shaw,  of  this  city.  The  specimen  consists  of  a  disk,  three 
inches  in  diameter  and  about  one-fourth  of  an  inch  thick,  with  a  cen- 
tral hub  on  one  side.  The  fracture  (which  appears  to  have  taken  place 
while  the  metal  was  being  turned  in  a  lathe)  consisted  of  the  entire 
separation  of  a  piece  varying  from  one-thirty-second  to  one-sixteenth 
of  an  inch  in  thickness  from  the  main  body  of  the  disk,  the  fracture 
being  nearly  in  a  plane  parallel  with  the  face  of  the  disk. 

The  President  remarked  that  although  the  specimen  was  a  curious 
one,  such  fractures  were  not  unusual ;  that  it  was  no  doubt  owing  to 
some  hesitation  in  pouring  the  molten  metal  into  the  mould,  an  opinion 
concurred  in  by  members  present. 

Mr.  H.  also  exhibited  a  specimen  of  a  boot,  the  leg  and  foot  of  which 
was  made  of  one  piece  of  leather  folded  together  and  presenting  a 
single  seam.  The  specimen  was  submitted  by  Mr.  Michael  Fritz,  No. 
1218  Whitehall  St.,  the  agent  in  this  city  for  the  inventor  and  patentee, 
Mr.  Peter  Keffer,  of  Reading,  Pa. 

The  inventor  says  a  pair  of  boots  can  be  made  after  this  manner  in 
the  time  it  takes  to  crimp  the  leather  in  the  old  way,  and  prevents  the 
strain  on  the  uppers  to  which  crimping  subjects  them. 

Mr.  George  jNIunro  exhibited  a  specimen  of  a  shoe  made  for  a  de- 
formed foot,  and  illustrated  the  advantages  of  his  mode  of  forming 
lasts  from  casts  made  from  the  foot. 
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The  Institutes  of  3Ic(lichie.  Y^y  Mautyn  Paine,  A.  M.,  ISI.  1).,  LL.  D., 
l^-ofessor  of  the  Institutes  of  Medicine  and  Mjiteria  Medica  in  the 
University  of  tlie  City  of  New  York,  &c,:  Fifth  Edition — New  York, 
Harper  k  JJrotliers. 

The  Institutes  of  Medicine  treats  of  tliosc  broad  principles  of  science 
concerned  in  the  development,  preservation,  and  perfection  of  the  livinf]^ 
orfijnnism.  It  includes  more  especially  those  particular  branches  of 
medical  science  knowMi  as  physioloixy,  ])atholo<ry,  hygiene,  and  thera- 
peutics, and  constitutes,  in  fact,  the  pliilosophy  of  medicine.  Its  ob- 
ject is  to  thus  determine  the  laws  of  health  and  disease,  and  point  out 
the  means  of  preserving  the  former,  and  resolving  as  "well  as  prevent- 
ing the  latter.  In  the  work  before  us,  an  elaborate  effort  has  been 
made  to  unfold  these  great  principles  of  medical  philosophy,  yet,  not- 
withstanding its  author  is  one  of  the  most  erudite  and  accomplished 
medical  writers  of  the  day,  the  doctrines  taught  therein  are  now  gene- 
rally regarded  as  representing  the  knowledge  of  the  past  rather  than 
of  the  present.  Nevertheless,  this  work  contains  so  much  useful  infor- 
mation upon  the  subject  of  which  it  treats  as  to  render  it  very  valuable, 
not  only  to  physicians  but  to  all  others  interested  in  medicine.       Z. 


METEOROLOGY. 


For  the  Journal  of  the  Franklin  Institute. 

The  Meteorology  of  Pldladelphia.  By  James  A.  Kirkpatrick,  A.M. 

July. — The  temperature'  of  the  month  of  July  was  a  little  more 
tlian  one  degree  below  the  average  for  the  last  ten  years,  and  a  little 
less  than  one  degree  higher  than  that  of  July  of  last  year.  The  warm- 
est day  was  the  20th,  of  which  the  mean  temperature  was  87*7°,  and 
the  thermometer  was  highest  on  the  same  day,  indicating  a  maximum 
temperature  of  9oJ°.  The  coldest  day  was  the  6th  of  the  month,  of 
which  the  mean  temperature  was  64-2°.  The  thermometer  was  lowest 
on  the  morning  of  the  7th,  giving  the  minimum  for  the  month  57°. 
The  oscillations  of  temperature  and  the  mean  daily  range  of  the  ther- 
mometer were  considerably  greater  than  usual,  though  very  nearly  the 
same  as  for  the  month  of  July  last  year. 

The  pressure  of  the  atmosphere  was  less  than  usual,  the  barometric 
column  standino;  five-hundredths  of  an  inch  lower  than  the  averas-e  of 
the  month  for  ten  years.  The  minimum  (29-495  inches)  occurred  on 
the  afternoon  of  the  5th,  and  the  maximum  (29*979  inches)  on  the  morn- 
m(l  of  the  28th,  showino-  for  the  whole  month  a  ranfj^e  of  less  than  half 
an  inch.  The  only  approach  to  a  storm  that  happened  during  the  month, 
occurred  early  on  the  morning  of  the  27th,  and  was  very  severe  in  the 
northern  part  of  the  city  and  the  neighboring  counties,  where  the 
lightning,  which  was  very  vivid,  struck  in  several  places.  The  wind 
was  high,  and  the  rain  is  said  to  have  fallen  in  unusual  quantities.    la 
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the  centre  of  tlio  city  less  tliaii  two-tentlis  of  an  iiicli  of  rain  full  on 
that  inornniLr- 

Tlie  nuinhor  of  days  on  ^vllic•ll  rain  fell  was  al)Out  the  same  as  nsual, 
but  the  (piantity  falling  at  each  time  was  very  small,  in  no  case  cx- 
ceedini^  three-tenths  of  an  inch.  The  (juantity  that  fell  during  the 
whole  month  was  less  than  sovcn-eighths  of  an  inch,  and  less  than  has 
fallen  (liirini:  any  July  for  the  last  ten  years.  The  next  lowest  amount 
was  in  July,  18r)(J,  when  an  inch  and  one-eighth  fell. 

There  was  not  one  day  of  the  month  entirely  clear,  and  hut  two  days 
on  which  the  sky  was  completely  covered  with  clouds  at  the  hours  of 
observation. 

The  force  of  vapor  and  relative  humidity  for  the  month  still  contin- 
ued considerably  below  the  average,  both  for  the  last  year  and  for  the 
last  ten  years. 

The  atmosphere  on  the  18th  was  very  favorable  for  observing  the 
eclipse  of  the  sun,  which  happened  on  the  morning  of  that  day.  The 
following  meteorological  observations  taken  every  ten  minutes  during 
its  continuance  may  be  useful  for  comparison. 

Meteorological  Observations  during  the  Eclipse,  Juhj  \8th,  1860,  at  P/iilaJclphia. 
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On  the  evening  of  the  20th,  the  warmest  day  of  the  month,  about 
half  past  nine  o'clock,  a  very  extraordinary  meteor  appeared  in  the 
sky.  It  arose  in  the  north-w^estern  part  of  the  heavens,  from  a  cloud 
"which  was  made  visible  by  the  light  of  the  meteor,  from  25°  to  30° 
above  the  horizon.  Then  an  object,  apparently  about  the  size  of  the 
full  moon,  and  as  bright,  suddenly  starting  from  the  cloud,  traversed 
in  an  easterly  direction  the  whole  extent  of  the  northern  sky;  sending 
off  what  appeared  like  sparks  until  it  passed  very  far  to  the  eastAvard, 
"when  it  disappeared  behind  a  cloud,  at  about  the  same  distance  from 
the  horizon  as  that  from  which  it  started.  The  whole  flight  from  west 
to  east  occupied  a  little  less  than  a  minute  of  time.  Soon  after  leaving 
the  edge  of  the  cloud  from  which  it  started,  it  appeared  to  separate 
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into  two  parts  of.siniiliir  appcaniiK'c,  the  smaller  one  closely  following 
the  larger  and  appearing  as  if  connected  with  it  by  a  hand  of  light. 
Observers  differ  in  regard  to  the  height  at  which  it  passed  the  meridian, 
though  the  majority  of  tliosc  witli  wliom  1  have  conversed  agree  that 
it  must  have  been  at  least  10°  below  tlie  polar  star.  Its  height  at  the 
meridian  appeared  to  be  vei-y  nearly  the  same  as  that  at  which  it  first 
appeared,  giving  the  idea  of  a  body  moving  in  the  direction  of  a  tan- 
gent to  tlie  eiirvatui-e  of  the  earth's  surface.  It  has  been  supposed 
from  a  comparison  of  observations  made  at  many  places,  that  the  path 
of  the  meteor  was  vertical  about  110  miles  north  of  Philadelphia,  pass- 
ing over  tlie  northern  ])art  of  IV-nnsylvania,  in  a  nearly  easterly  course, 
over  or  near  the  north  part  of  New  Jersey,  the  south-west  corner  of 
the  State  of  New  York  and  Long  Island  Sound.  If  this  supposition 
is  correct,  it  must  have  been  between  G3  and  64  miles  above  the 
earth's  surface  in  the  meridian  of  Philadelphia.  It  pursued  its  course 
across  the  ocean,  being  seen  many  miles  out  at  sea,  and  perhaps  passed 
beyond  the  influence  of  the  earth  and  resumed  its  original  character 
of  a  wanderer  in  the  planetary  spaces.  These  are  the  results  of  our 
present  information  in  regard  to  this  stranger.  Further  and  more  ac- 
curate observations  may  somewhat  modify  the  conclusions  arrived  at 
in  regard  to  its  precise  position  in  our  system. 

A  Comparison  of  some  of  the  Meteorological  Phenomena  of  July,  1860,  with  those 
of  July,  1859,  and  of  the  same  month  for  ten  years,  at  Philadelphia. 
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On  the  Decay  and  Preservation  of  Building  3Taterial8»*  Bv  Prof. 
D.  T.  AxsTED,  M.A.,  F.H.S. 

CContinued  from  page  163.J 

The  question  then  arises  how  these  things  are  to  be  overcome  in  our 
climate.     Generally  speaking,  one  would  be  apt  to  suppose  that  non- 
absorbency  was  a  most  desirable  thing ;  and  that  if  we  could  render 
stones  non-absorbent — that  is,  if  we  could  prevent  them  from  suckinnr 
in  the  moisture  and  these  dangerous  gases — we  should  be  able  to  an- 
swer our  purpose  and  prevent  the  decay  of  the  stone.     I  need  not  in- 
form you  that  it  is  no  new  thing  to  preserve  in  this  way — not,  indeed, 
stone — but  other  substances,  such  as  stucco  and  terra  cotta.     You  can 
scarcely  go  into  a  good  modern  street  in  London  without  seeing  a  large 
number  of  houses  covered  over  with  cement,  and  that  cement  covered 
over  with  paint.    Now,  what  is  paint  ?    It  is  a  mixture  of  oil  and  oxide 
of  lead.     The  paint  coats  the  surface  in  such  a  way  that  water  cannot 
get  into  it.     We  all  know  the  result ;  the  paint,  indeed,  never  looks 
well ;  it  is  not  an  ornamental  thing  under   ordinary  circumstances, 
and  much  less  so  when  applied  to  stones.     But  how  far  is  it  success- 
ful ?     Why,  the  moment  it  is  put  on,  it  begins  to  decay.    Decay  must 
take  place,  because  oil  begins  to  decompose  the  moment  it  is  exposed 
to  the  action  of  the  air  ;  and  the  result  is,  that  after  a  very  short  time 
the  oil  separates  from  the  oxide  of  lead,  and  the  surface  first  blackens 
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and  soon  ])Of^lns  to  peel  off.  You  li.avc  a  tliin  film  of  oil  and  wliitc 
load  put  on  a  surface  ;  it  adliere.s  sli<^litly  for  a  time,  but  the  moment 
it  is  left  alone  it  ber^ins  to  decompose  and  rot,  and  in  the  course  of  a 
year  or  two  you  must  do  all  the  work  over  again.  Numerous  i)lan» 
Iiavc  been  patented  for  coatin<^  and  chokinfi;  the  pores  of  absorbent 
Btones  with  preparations  of  various  kinds.  The  ahnost  invariable  idea 
has  been,  to  render  the  stones  as  far  as  possible  non-absorbent.  This 
has  been  done  by  combining  a  certain  proportion  of  mineral  substance 
"with  oil  or  fatty  matters.  There  is  but  one  observation  with  regard 
to  these ;  they  all  inevitably  tend  to  decomposition  except,  pcrhai  s, 
those  that  are  of  a  pitchy  or  bituminous  nature. 

Bitumen  is  of  a  nature  that  docs  not  decompose  by  exposure,  and 
is  permanent,  but  it  is  of  so  dark  and  disagreeable  a  color  that  it  com- 
pletely destroys  the  appearance  of  stone,  and  renders  it  so  unsightly 
that  no  one  could  venture  to  recommend  it.  Oil  and  fatty  substances, 
therefore,  are  the  only  ones  that  have  been  used.  One  cannot  help 
feeling,  that  if  our  stone  buildings  are  to  be  painted  till  their  charac- 
ter as  stone  is  lost,  it  would  be  better  to  build  them  of  cheaper  material 
and  use  bricks  and  stucco  at  once.  I  may  say  with  regard  to  the  pa- 
tents that  have  been  taken  out  within  the  last  20  years  on  subjects  of 
this  kind,  that  I  have  had  no  less  than  17  before  me,  and  out  of  these 
17,  11  are  simply  mixtures  of  various  substances  with  oils  and  resins, 
and  are  therefore  essentially  of  the  same  nature.  Some  of  the  others 
use  mixtures  of  mineral  matters  in  oil,  but  none  of  them  appear  to  have 
answered  the  purpose,  and  none  of  them  are  now  employed  at  all. 
There  is  another  point  I  ought  to  mention,  and  that  is,  that  a  mere 
mixture  of  things  not  involving  chemical  combination,  must  fail.  We 
must  then  either  have  some  invention  by  which  the  pores  of  stones  are 
permanently  choked  by  a  bituminous  substance,  not  unsightly,  and 
not  in  any  way  subject  to  decomposition,  or  we  must  find  some  mineral 
deposit  which  we  can  answer  for,  which  wfill  adhere  firmly  and  which 
will  also  be  permanent ;  in  other  words,  "v^'e  must  put  something  into 
or  upon  the  stone  which  shall  be  a  mineral  substance,  closely  adhering 
and  not  subject  to  ordinary  atmospheric  influences. 

It  is  now  many  years  since  a  suggestion  was  made  by  a  French 
chemist,  of  the  name  of  Kuhlman,  which  was  apparently  very  inge- 
nious, and  which  to  a  certain  extent,  answered  the  purpose.  It  w^as  a 
sufo'estion  to  coat  the  surface  of  absorbent  stones  with  silica.  Now, 
I  have  already  spoken  to  you  of  silica  as  forming  the  great  mass  of 
sandstones,  and  also,  to  a  great  extent,  the  base  of  granite.  Common 
flint  is  the  form  in  which  we  all  know  it.  In  that  form  it  appears  to 
be  rather  an  unpromising  suggestion  to  apply  it  to  a  surface  in  such  a 
•vvay  that  it  shall  adhere  and  be  permanent.  Silica,  which  is  in  fact 
a  combination  of  a  base  which  is  called  silieon  with  oxygen,  is  also 
called  by  chemists  silicic  acid,  but  the  acid  properties  are  so  weak  that 
they  cannot  be  recognised  by  the  senses,  and  its  affinities  for  alkaline 
bases  are  very  feeble.  Silicic  acid,  or  silica,  is  capable  of  existing  in 
combination  with  water,  and  in  combination  with  some  alkalies  is  so- 
luble ;  is  found  in  nature,  combined  with  water,  in  some  minerals,  and 
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when  in  tliat  Plate  is  passed  into  a  state  of  insolulMlity  ])j  the  action 
of  alkaline  cail)oi\ates,  among  the  rest  carhonate  of  lime. 

As  a  natural  hydrate,  or  comhined  with  a  small  (juantity  of  water 
(about  3  or  4  })er  cent.),  it  forms  part  of  some  particular  kinds  of  sand- 
stone.    It  is  also  found  in  natural   hot  springs,  and  even  in  common 
sprin;::;  water, — no  doubt  by  the  action  of  carbonic  acid.      1  have  said 
that  it  is  soluble  in  caustic  alkali.    It  is  soluble,  for  exam])le,  in  caus- 
tic potash  and  caustic  soda,  not  under  ordinary  temperature  and  pres- 
.sure,  but  at  a  temperature  of  300°  or  400°  F.,  and  under  steam  i)res- 
sure.     Under  these  circumstances  there  is  no  diilieulty  in  dissolving 
it.     You  get  a  solution  in  this  way:  a  mixture  of  silica  and  potash 
combined  with  water,  and  a  tenaceous  though  soluble  fluid.     I  have  a 
specimen  of  it  before  me.     You  see  it  is  perfectly  fluid  ;  it  is  as  much 
a  fluid  as  water  would  be;  but  if  in  this  state  you  expose  it  to  the  action 
of  ordinary  air  for  a  time,  it  hardens,  becoming  first  sticky  and  gela- 
tinous.    It  is  then  a  hydrate  of  silica.     To  become  this  it  undergoes 
a  certain  kind  of  decomposition,  parting  with  its   potash  to  carbonic 
acid  in  the  air.     Before  the  lecture,  I  placed  a  drop  of  the  fluid  solu- 
tion on  a  piece  of  glass,  and  those  who  take  an  interest  in  it  may  seo 
what  the  eff'eet  has  been.     It  was  perfectly  fluid  ;  it  is  now  quite  ge- 
latinous and  sticky,  and  in  a  short  time  it  will  become  perfectly  hard. 
It  has  attached  itself,  also,  firmly  to  the  surface  of  the  glass,  and  could 
not  now  be  removed.     In  this  form  it  was  proposed  to  use  the  liquid 
silicate  of  potash,  or  water  glass,  by  M.  Kuhlman,  whose  process  con- 
sists in  the  coating  of  absorbent  stone  with  the  solution  in  question, 
and  he  believed  that  after  this  treatment  the  stone  would  become  coated 
with  silica.    Since  it  is  known  that  silica  laid  on  and  dried  is  insoluble, 
he  believed  he  had  secured  a  useful  result ;  but  he  forgot  that  insol- 
uble silica  that  has  been  deposited  in  that  way  is  still  capable  of  being 
acted  upon  by  the  alkaline  carbonates.     Therefore,  even  when  thus 
deposited,  still  in  the  course  of  time  the  alkaline  carbonates  of  the  at- 
mosphere would  act  upon  it,  and  it  would  be  a  failure.     But  that  is 
Qot  all ;  for,  if  at  the  time  I  put  this  drop  on  the  glass  I  had  not  taken 
care  that  the  glass  was  dry,  or  if  I  had  dashed  water  on  it,  it  w^ould 
have  been  washed  away.     Now  that  is  exactly  what  would  happen  if 
you  put  some  of  it  on  a  stone,  and  a  shower  of  rain  were  to  fall.     In 
that  case  the  efi'ect  would  be  destroyed,  the  preparation  being  washed 
away.     So  much  for  the  process  which  Kuhlman  invented.    It  is  right 
to  say  that  M.  Kuhlman  himself  believed  that  when  used  in  limestone 
a  double  decomposition  would  take  place,  the  silicate  of  potash  being 
QOt  only  decomposed  by  the  carbonic  acid  of  the  air,  but  a  part  of  the 
silicic  acid  combining  with  the  lime  to  form  silicate  of  lime.  This  would, 
iiowever,  be  a  work  of  time,  which  the  w^eather  in  a  damp  climate  would 
QOt  permit. 

Another  process  has  been  introduced  by  Mr.  Ransome.  His  plan 
svas  to  decompose  the  silicate  of  potash  and  to  produce  a  deposit  of 
mineral  upon  it,  which  would  adhere  to  the  stone  by  a  process  of  double 
lecomposition.  He  considered  that  if  a  mineral  deposit  could  be  ab- 
sorbed into  the  stone,  I  mean  if,  after  a  solution  was  absorbed  into  the 
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stone,  it  could  afterwards,  l)y  a  cliemical  coTTi])inatlon  caused  by  an- 
other solution  sul)S(M(uently  absorl)ed,  be  decomposed  so  that  a  solid 
film  -would  be  everywhere  deposited,  and  if  this  could  be  done  in  a  very 
brief  space  of  time,  so  tliat  daiuj)  air,  and  rain  should  have  no  effect 
upon  it,  then  the  object  i-e(|uired  would  be  attained,  ft  suL^nrosted 
itself  to  him  in  tliis  way: — He  was  in  the  habit  of  manufactuiing  the 
soluble  silicate  on  a  large  scale,  and  he  tlioun;ht  that  by  combining  it 
with  the  chloride  of  calcium  (muriate  of  lime)  he  would  get  this  double 
decomposition.  This  is  the  case,  because  soda  and  potash  have  but  a 
weak  ailinity  for  silica,  and  lime  a  very  strong  one.  Silica,  therefore, 
parts  very  readily  indeed  with  soda  or  potash  to  lime,  whilst  the  chlo- 
rine would,  with  great  readiness,  pass  to  the  soda.  He  therefore  at- 
tempted the  process ;  and  I  think  you  will  say  he  attempted  it  with 
some  success,  at  any  rate  so  far  as  the  experiment  went.  There  is, 
however,  no  obscurity  about  the  general  result,  as  it  is  simply  a  matter 
of  experiment.  The  first  thing  he  did  was  to  satisfy  himself  that  he 
could  get  a  rapid  deposit.  In  the  two  glasses  before  me,  one  contains 
a  certain  proportion  of  silicate,  and  the  other  contains  a  correspond- 
ing proportion  of  the  chloride  of  calcium,  so  that  the  two  shall  combine 
and  form  solids.  In  mixing  these  together,  I  put  the  chloride  of  cal- 
cium into  the  silicate  of  soda.  The  result  is,  that  the  affinity  of  the 
chlorine  for  sodium  being  greater  than  that  for  calcium,  while  the  af- 
finity of  the  silica  for  soda  is  weak,  a  double  decomposition  takes  place, 
the  chlorine  leaving  the  calcium  to  pass  to  the  sodium,  thereby  form- 
ing soluble  chloride  of  sodium,  or  common  salt,  and  the  silica  and 
lime  set  free,  also  combine  to  form  silicate  of  lime,  an  insoluble  salt, 
which  is  immediately  thrown  down  in  a  solid  state.  The  proportions 
being  properly  taken,  the  whole  of  the  water  is  taken  up  and  made 
use  of  as  water  of  solidification,  and  the  salt  can  be  subsequently  re- 
moved by  washing. 

[The  lecturer,  while  performing  the  experiment,  stated  that  by  the 
time  the  lecture  was  over  the  whole  of  the  contents  of  the  glasses  then 
liquid  would  be  in  a  solid  state,  and  added,  that  unless  it  was  removed 
before  long,  the  solid  silicate  of  lime  formed  would  adhere  to  the  glass 
so  firmly  that  it  would  be  very  difficult  to  get  it  off.] 

We  thus  have  silicate  of  lime  rapidly  formed,  and  being  obtained 
in  this  way  it  is  necessary  to  consider  what  the  result  would  be  in  the 
solution  of  the  problem  before  us.  I  need  not  say  it  is  by  no  means 
sufficient  to  have  an  insoluble  mineral  deposit  placed  on  the  surface  of 
a  mineral  whether  calcareous  or  silicious.  It  is  not  only  necessary  to 
have  that,  since  there  must  also  be  cohesion,  and  this  cohesion  must 
be  sufficiently  powerful  to  render  the  mineral  coating  preservative. 
It  is  absolutely  necessary  that  the  silicate  of  lime  should  be  a  material 
which,  w^hen  put  on  a  surface  of  stone,  should  not  only  remain  there, 
but  become  permanently  adherent.  Experience,  however,  has  long 
ago  shown  that  a  very  thin  deposit  of  this  peculiar  mineral,  silicate  of 
lime,  does  adhere  with  singular  rapidity,  and  with  the  most  remarkable 
tenacity,  to  particles  of  sand  and  stone  with  which  it  comes  in  contact. 
It  is  the  film  which,  produced  gradually,  gives  all  its  value  to  mortar, 
and  which  cements  together  the  stones  of  which  are  formed  what  build- 
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crs  call  concrete,  on  the  very  existence  of  which  as  a  firm  solid  mass, 
half  our  buildings  depend.  Immediately  on  the  deposit  of  the  minute 
particles  produeod  hy  tlie  double  decomposition  of  two  minerals  and 
formation  of  two  otliers,  this  strong  temlciicy  to  adhere  comes  into 
operation.  The  particles  of  silicate  of  lime  newly  set  free,  immediately 
and  firmly  attach  themselves  to  the  ])articles  or  grains  of  which  the 
stone  is  made  up,  not  only  surrounding  tliem,  but  binding  them  to  each 
other,  just  as  when  mortar  has  loiig  been  left  to  harden  it  is  as  diffi- 
cult to  separate  the  parts  cemented  as  it  is  the  solid  brick  or  stone ; 
this  it  is  which  gives  its  principle  value  to  the  method  suggested. 

I  have  laiil  on  the  table  several  specimens  of  different  materials  which 
have  been  treated  in  this  way,  and  also  some  of  the  results  after  they 
have  been  exposed  to  decomposing  agencies.  Near  me  are  two  speci- 
mens of  terra  cotta.  One  has  not  been  treated  in  any  way,  and  it  is 
exceedingly  absorbent,  and  we  know  from  experience  that  terra  cotta 
soon  becomes  injured  on  exposure  to  the  weather.  The  other  has  been 
treated  by  the  processes  that  I  have  mentioned,  and  if  any  one  will 
take  the  trouble  to  scratch  the  surface,  he  will  at  once  see  the  nature 
of  the  change.  The  surface  has  become  excessively  hard,  and  although 
when  treated  this  way  it  is  not  necessarily  non-absorbent,  it  can  be 
made  so  hy  repeating  the  process  often  enough.  If  not  made  non- 
absorbent,  however,  it  has  become  less  capable  of  injury  by  exposure. 
These  specimens  were  prepared  at  the  Museum  at  South  Kensington. 

There  is  also  before  me  a  specimen  of  Heddington  stone  exposed  to 
Ransorae's  process,  and  another  specimen  of  the  same  stone  not  ex- 
posed to  that  process.  Both  of  them  have  been  dipped  in  acid,  and 
the  result  is  as  you  see.  The  surface  of  one  is  entirely  gone  ;  the 
surface  of  the  other  is  not  touched.  There  are  also  two  specimeits  of 
Caen  stone,  one  exposed  to  the  process  and  the  other  not.  Both  have 
been  subjected  to  the  same  amount  of  acid,  and  the  result  is  that  one 
stone  is  entirely  destroyed  and  the  other  is  not  injured.  There  are 
several  other  specimens  of  Mr.  Ransome's  stones  on  the  table,  and  the 
hardness  of  them  will  be  at  once  recognised  by  any  one  w^ho  will  com- 
pare them  with  similar  stones  not  so  treated. 

There  is  another  process  which  I  ought  to  mention,  which  has  been 
partly  carried  into  operation  in  the  Houses  of  Parliament.  It  was  in- 
troduced by  a  Hungarian  gentleman,  of  the  name  of  Szerelmey.'*'    I 

*  Since  the  lecture  was  delivered  a  correspondence  has  been  printed  hy  order  of  the  House  of  Commons 
whicli  renders  some  further  observ.itions  desirable: — Mr.  S^erelmey  had  not.  I  nou-  tind.  allowed  uie  to  as- 
certain the  real  nature  of  the  method  he  adopteii,  which  consists  in  the  use  of  soluble  alkaline  tilicates,  suc- 
ceeded by  a  wash  of  bituminous  matter  also  in  solution.  This  was  stated  in  confidence  to  Dr.  Faraday,  who, 
however,  du-s  not  say  that  the  aj'pUcation  of  The  soluble  silicates  is  succeeded  by  a  second  wash  producing 
a  deposit  of  silicate  of  lime.  We  are  led  to  infer  that  the  second  wash  is  the  bitumen  only,  and  the  object 
of  this  must  be  to  slielter  the  surface  while  the  alkaline  silicate  is  undergoing  slow  deconi]  usition  and  be- 
coming converted  either  into  hydrate  of  silica  or  silicate  of  lime,  just  as  by  Kuhlman's  metlKHl.  It  would 
thus  appear  to  be  Kuhlman's  process  with  the  addition  of  a  bituniiuous  and  temporary  sheltering  surface. 
It  still  remains  to  determine  whether  by  this  process  pernninent  ])rotectiou  is  given,  as  it  the  deposit  con- 
sists of  hydrate  of  silica,  the  alkaline  carbonates  to  whidi  it  must  soon  be  exposed  will  no  doubt  destroy  it. 
The  tenipnrary  shelter  of  bitumen  cannot  be  taken  into  account  as  having  ]iermanent  value,  although)  for 
the  time  it  lasts,  it  may,  no  doubt,  appear  to  be  more  efficacious  Uian  anything  else.  I  ohrierve  that  Dr. 
Faraday,  in  expressing  aqualitied  opinion  on  the  present  appearance  of  the  stone  thus  acted  on,  speaks  -of 
the  short  and  insutflcient  evidence  now  existing."  It  is  indeed  clear  that  the  real  value  of  tlie  nietliod  of 
Kuhlman  depends  on  the  nature  of  the  deposit  formed,  and  I  believe  it  lias  not  yet  been  determined  what 
this  is,  simply  because  there  has  not  been  time  enough  given  for  tlie  experiment.  Complete  exposure  of  a 
surface  protect«^d  Viy  Mr.  Szerelmey  left  without  any  subs.quent  treatment  for  some  years  (four  at  least), 
could  aloue  decide  the  question.  The  condition  of  the  Speaker's  Court,  in  the  Uouses  of  Parliament,  will  thus 
after  a  time  be  a  fair  test  of  the  value  of  bis  method.— D.  T.  Aasied.— 26tli  ilaj,  1860. 
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can  liardly  with  propriety  say  any  thing  ahout  it.  I  know  too  much 
and  too  little  about  it  to  be  able  to  express  an  opinion.  At  the  same 
time,  ii'  I  did  not  mention  it,  it  mi;i;ht  seem  as  if  1  had  not  been  aware 
of  it.  Mr.  Szeri'liiicy,  at  tlie  su<^;^estion,  I  believe,  of  the  late  Sir 
Charles  Barry,  asked  me  to  look  at  his  process,  but  he  did  not  inform 
me  what  its  preservative  })()wer  consisted  of,  and  althou^^h  he  intimated 
its  nature,  he  evidently  intended  me  to  regard  what  I  observed  as  confi- 
dential. All  I  can  say  is,  that  regarding  it  as  a  secret  process,  it  is 
quite  impossible  for  any  one  to  express  an  unqualified  opinion  of  its 
value  until  time  shall  have  tested  its  capabilities.  It  is,  therefore,  best 
not  to  speak  of  it  at  all  until  it  has  been  exposed  for  a  number  of  years 
to  the  action  of  the  weather.  Time  alone  can  show  what  its  value  is, 
if  the  materials  employed  are  not  stated,  and  certainly  an  experience 
of  not  less  than  several  years  can  be  regarded  as  of  any  value,  since 
ordinary  paint  or  drying  oil  will  preserve  absorbent  stones  for  that 
period. 

In  returning  now  to  the  original  subject,  let  me  remind  you  that  if, 
as  seems  to  be  the  case,  we  are  forced  to  make  use  of  soft,  perishable 
material  for  purposes  of  decorative  work  in  architecture,  if  we  are 
obliged  to  accept  the  material  that  nature  has  provided  near  at  hand, 
and  select  from  varieties  which  diifer  indeed  much  in  durability  but 
all  of  which  decay,  it  would  seem  only  reasonable  that  due  precaution 
should  be  observed  to  take  for  the  best  work  the  most  favorable  va- 
rieties of  stone,  and  use  great  caution  in  rejecting  manifestly  bad  or 
indiiferently  good  samples.  That  this  can  be  done  every  quarry-man 
and  every  stone-mason  well  knows,  and  there  are  means  of  determining 
the  good  from  the  bad  which  are  independent  of  their  experience. 
"VVfiere  enormous  sums  are  to  be  expended  on  decorations  for  a  perma- 
nent building,  it  is  surely  not  unreasonable  to  expect  and  require  that 
a  little  niggardly  economy  in  regard  to  the  material  of  construction 
should  not  be  indulged  in.  But  I  regret  to  say  that  in  most  modern  pub- 
lic buildings  it  has  not  been  thought  necessary  either  to  determine  the 
kind  of  stone  with  reference  to  its  probable  durability,  or  to  appoint 
a  competent  person  to  reject  on  the  spot  bad  samples.  With  regard 
to  our  architects,  it  seems  hardly  to  be  a  part  of  their  education  to  in- 
quire into  and  understand  such  matters,  and  they  do  not  consider  them- 
selves responsible  ultimately  for  the  consequences  of  neglect.  I  have 
endeavored  to  show  what  must  happen  when  bad  stones  are  placed  in 
a  building  erected  in  or  very  near  a  large  town.  The  whole  of  the 
stone  decays,  but  the  more  prominent  and  the  more  ornamental  parts, 
those  on  which  the  effect  most  depends,  and  on  which  most  money 
has  been  spent,  these  decay  first.  Moisture  is  absorbed,  frost  comes, 
and  the  delicate  projecting  parts  fall.  Gases  and  acids  are  absorbed 
together  with  smoke,  and  the  stone  is  first  blackened  and  disintegrated, 
and  then  reduced  to  powder.  But  of  course  there  are  bad  and  good 
pieces ;  there  are  exposed  places  and  sheltered  places,  and  the  result 
of  this  is  that  not  only  does  the  stone  decay,  but  it  decays  with  the 
utmost  irregularity:  adjacent  stones  become  very  soon  in  a  state  so 
different  that  no  one  could  have  supposed  they  were  dug  from  the 
same  quarry,  and  the  whole  surface  is  unsightly  and  disfigured. 
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None  of  tlie  noblonoss  ami  bi'auty  of  decay  is  f^ccii  in  these  eaacs. 
There  is  a  decent  and  ])icture.s(|uo  aj)|)earancc,  not  iniiVe(|Uently  met 
"with,  in  oUl  huihlin«rs  which  inspires  respect  instead  oC  di.-hke.  Tliero 
is  the  hoary  front  of  a<j;e,  of  wliich  none  can  complain.  It  is  seen  iu 
the  marbles  of  Greece  and  Asia  Mint)r,  in  the  limestones  of  Rome,  and 
even  in  some  of  the  porphyries  in  E^^ypt.  Time,  we  are  t(jld,  devours 
all  tilings.  All  liumau  contrivances  must  submit  to  it,  and  as  it  is  a 
natural,  so  it  is  often  a  beautiful  condition.  Jiul  jtremature  decay, 
like  an  artificial  i-uin,  has  a  poor  and  mean  appearance.  It  does  not 
give  the  idea  of  wanin^r  strength,  but  of  absolute  innate  weakness.  It 
is  a  coup  manij^uc — a  tiling  not  merely  imperfect,  but  unnecessarily 
imperfect. 

It  is  important  to  remark  also  that  bad  stone  was  not  always  used. 
Many  of  our  old  buihlings  have  scarcely  shown  incipient  decay — many 
of  those  in  large  towns  have  decayed  so  as  not  to  be  unsightly.  This, 
it  is  true,  must  not  be  altogether  attributed  to  the  material,  as  such 
buildings,  if  erected  now  with  picked  stone  from  the  same  quarries, 
would  probably  injure  much  sooner,  owing  to  the  much  larger  (juan- 
tity  of  impurity  in  the  atmosphere  to  wliich  they  arc  exposed.  AViien 
a  stone  has  been  for  some  time  exposed  to  pure  air  it  hardens,  and 
thus  buildings,  placed  where  we  see  them  before  the  large  town  arose 
around  them,  have  stood  exposure  better  than  they  could  do  now.  But 
there  is  reason  to  know  that  the  selection  of  stone  was  much  more  care- 
ful formerly  than  it  has  been  lately,  and  the  result  is  manifest. 

There  is  one  more  point.  If  the  method  of  protection  and  preser- 
vation so  ingeniously  contrived  by  Mr.  Ransome  is  successful,  as  it 
really  seems  to  be,  the  softer  and  cheaper  stones  may  be  used.  It  is 
certainly  the  case  that  a  hard,  almost  flinty  surface  is  obtained  by  it, 
and  that  such  surface  is  not  actc<l  upon  by  the  acids  which  ra])idly 
destroy  the  same  stone  when  unprotected.  For  four  winters  stones 
thus  protected  have  stood  the  action  of  the  weather,  and  if  it  turn  out 
to  be  as  durable  as  seems  likely,  from  this  and  other  trials  on  a  large 
scale,  if  absorption  is  checked — so  far  at  least  as  its  injurious  effects 
are  concerned — for  mere  absorption  does  not  seem  to  be  injurious,  and 
if  decay  is  thus  arrested,  then  there  are  means  at  hand  wliich  cannot 
fail  to  have  a  great  influence  on  decorative  stone-work,  for  the  material 
most  easily  carved  and  sculptured  is  just  that  one  which  is  most  com- 
pletely improved  by  the  process. 

In  thus  speaking  of  the  decay  and  preservation  of  stone,  I  have  en- 
deavored to  confine  mvself  strictly  to  the  subject  before  me,  not  tra- 
veling out  of  the  record.  I  feel,  however,  so  convinced  of  its  import- 
ance that  I  ofi*er  no  apology  for  bringing  it  before  you,  and,  perhaps, 
when  in  your  summer  ramblings  you  visit  some  noble  cathedral,  or 
wander  over  the  ruins  of  some  ancient  castle  or  tower  of  classical  or 
middle  age  construction,  you  may  feel  an  interest  in  examining  the 
cause  of  the  beauty  you  there  see  arising  from  decay,  and  contrast  it 
■svith  the  dissatisfaction  and  disappointment  I  am  sure  you  cannot  help 
feeling  on  examining  some  of  the  recent  restorations  of  Westminster 
Abbey,  or  the  richly  decorated  surface  of  the  great  palace  of  the  na- 
tion immediately  adjacent. 
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Abstract  of  a  Paper  on  Steam  Boilers.*  By  F.  II.  Sawyer. 

The  author,  after  pointing  out  tlic  main  features  of  tlie  difTercnt  va- 
rieties of  steam  ])oi]ers,  proceeded  to  a  more  niiniite  consideration  of 
the  marine,  as  being,  in  his  opinion,  the  most  important.  In  describing 
the  flue  boih^r,  lie  remarked  that  it  was  quite  impossible  to  give  a  very 
accurate  account  of  tlie  proportions  of  lieating  surface  to  fire-grate,  &c., 
as  one  pair  of  engines  migiit  exert  only  their  nominal  horse  power, 
whilst  another  pair  might  exert  four  or  five  times  as  much.  The  author 
argued  the  great  superiority  of  the  multitubular,  as  compared  with 
flue  boilers,  founding  his  preference  on  the  fact  that  a  boiler  of  the 
former  kind  might  be  applied  with  a  reduction  of  sometimes  one-third 
the  space,  and  even  a  greater  proportion  of  weight,  and  at  the  same 
time  giving  a  greater  heating  surface  per  horse  power.  In  exemplifi- 
cation of  this  he  gave  the  particulars  of  the  original  flue  boilers  of  the 
Great  Western  steam  ship,  and  compared  them  with  the  new  boilers 
of  the  tubular  principle,  afterwards  substituted ;  the  results  being  as 
follows : 

Old  Boiler.  New  Boiler. 
Weight  with  water,         .                  .             5^80  tons.  108  tons. 

Heating  surface  per  ii.p.,  .  9*6    sq.  feet.  17'8    sq.  feet. 

Area  of  fire-grate,  per  H. p.,  .5  "  -SG        " 

Consumption  of  coal,  per  h.p.  per  hour,       8-33  lbs.  56  lbs. 

The  author  was  of  opinion  that,  by  the  application  of  a  blast  in  the 
funnel,  a  greater  quantity  of  fuel  might  be  burnt  per  square  foot  of 
fire-bar,  and  that,  therefore,  a  boiler  of  smaller  dimensions  would  be 
attainable;  remarking,  at  the  same  time,  that  he  considered  that,  in 
some  cases,  the  space  thus  saved  would  counterbalance  the  space  and 
value  of  the  extra  fuel  used.  The  author  then  proceeded  to  discuss 
the  adoption  of  a  higher  pressure  of  steam,  together  with  the  principle 
of  surface  condensation,  noticing  that  w^e  could  not  hope  for  a  success- 
ful result  by  jumping  at  once  from  20  lbs.  to  50  lbs.  per  square  inch, 
but  lie  had  no  doubt  that  the  advantages  of  a  higher  pressure  would  be 
seen,  and  that  we  should  see  it  gradually  increasing  in  the  same  man- 
ner as  it  had  increased  from  4  lbs.  to  20  lbs.,  showing  a  corresponding 
reduction  in  the  consumption  of  fuel.  He  did  not  expect  to  see  the 
economy  reduced  so  low  as  was  said  to  be  the  case  in  the  Thetis;  and 
although  he  had  no  doubt  but  that  considerable  economy  had  been  at- 
tained in  that  vessel,  at  the  same  time  he  was  not  prepared  to  admit 
or  credit  the  very  wonderful  economy  said  to  have  been  realized. 

After  giving  the  dimensions  and  particulars  of  the  tubular  boilers 
of  the  Queen  steamer,  constructed  by  Messrs.  Eennie,  and  noticing 
them  as  an  advantageous  description  of  boiler,  the  author  proceeded 
to  discuss  the  advisability  of  brick  or  iron  fire  bridges,  giving  his  de- 
cided preference  to  the  brick,  from  the  ease  with  which  they  can  be 
altered  or  removed,  and  also  from  the  fact  that  the  iron  bridges  so  soon 
wear  out,  owing  to  the  difficulty  the  steam  has  in  escaping  from  the 
interior,  and  their  great  liability  to  corrosion  from  the  water  that  might 
escape  from  the  tubes. 

*  From  the  Lond.  Engineer,  No.  220. 
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Tn  a  boiler  of  good  proportions  he  considered  there  shouhl  be  no 
prinnnL%  but  should  any  take  plaee  owin^  to  dirtiness  of  water,  pass- 
luf^  IVoni  Iresh  water  in  salt,  or  vire  vrr.su^  he  reeoniniendi'd  the  use  of 
tallow,  or  as  a  preferable  expedient,  if  circumstances  permitted,  open- 
ing the  fire-doors  and  slackening  the  fires.  He  considered,  also,  that 
some  trt)uble  might  be  caused  by  priming  in  small  high-j)ressure  marine 
boilers,  unless  great  care  was  exereised. 

The  author  devoted  but  a  small  portion  of  his  paper  to  the  considera- 
tion of  the  stationary  and  locomotive  boilers,  but  occupied  some  of  his 
remaining  time  in  discussing  the  relative  economy  of  the  Cornish  and 
locomotive  boilers,  considering  the  Cornish  greatly  su))eri<^r,  as  in  a 
locomotive  the  temperature  in  the  smoke-box  was  notoriously  greater 
than  the  temperature  at  the  base  of  the  chimney  in  a  Cornish  boiler, 
and  that  the  heat  passed  up  the  funnel  was  a  dead  loss,  except  that 
"which  was  necessary  to  keep  up  the  draft. 

The  author  concluded  by  giving  the  dimensions  nnd  mode  of  con- 
struction of  one  of  Stephenson's  12  in.  locomotive  engines,  as  also  that 
of  Crampton's  colossal  engine,  the  Liverpool. — Proc.  Civ.  and  Mecli. 
Eng.  /Sac, 


The  Decay  of  Timber  and  its  Prevention*  By  II.  Letheby,  ]\I.B., 
M.A.,  &c.,  Professor  of  Chemistry  in  the  College  of  the  London 
Hospital. 

Sir  : — I  regret  that  I  was  not  able  to  be  present  at  the  Society  of 
Arts,  on  the  30th  May,  during  the  reading  of  ^Ir.  Burnell's  very  valu- 
able paper  on  the  causes  of  decay  in  building  woods,  and  the  means  of 
preventing  it;  for,  as  I  have  directed  much  attention  to  the  subject, 
and  especially  to  the  modus  operandi  o?  creosote^  or  dead  oil,  in  preserv- 
ing timber,  I  should  have  taken  part  in  the  discussion. 

Mr.  Burnell  does  not  attach  too  much  importance  to  the  process  of 
creosotino;  timber,  when  he  regards  it  as  the  most  effective  of  all  the 
processes  known  for  the  prevention  of  deca}^;  for,  in  truth,  the  dead 
oil  of  common  coal-tar  contains  all  the  elements  which  are  necessary 
for  giving  permanent  stability  to  organic  compounds,  by  checking  de- 
composition, by  opposing  the  processes  of  oxidation,  and  by  destroying 
the  vitality  of  the  lower  forms  of  animal  and  vegetable  life.  If,  indeed, 
the  application  of  creosote  to  timber  has  ever  failed  in  preventing  de- 
cay, it  has  been  because  of  the  improper  use  of  it,  or  the  use  of  an  oil 
"which  has  not  contained  a  due  proportion  of  its  most  effective  constit- 
uent— carbolic  acid.  This  it  is  which  is  chiefly  concerned  in  strength- 
ening the  weak  aflSnities  of  the  young  or  immature  constituents  of  wood. 
It  coagulates  the  albumen  and  gives  firmness  to  the  cellulose  matters 
that  are  so  prone  to  decay,  and  which  communicate  by  a  sort  of  cata- 
lytic influence,  their  decomposition  to  the  neighboring  and  more  ma- 
ture tissues.  So  powerful  is  the  antiseptic  property  of  this  acid  that, 
when  separated  from  coal  tar,  it  will  at  once  arrest  the  decomposition 
of  every  kind  of  organic  matter.  I  have  seen  it  stop  the  putrefactive 
changes  of  sewage  and  cess-pool  matter  instantly,  and  it  will  even  stay 
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the  more  active  decomposition  of  putrofyinri^  animal  flesh.  It  is  to  be 
repircttcMl  that  all  saniph's  of  dead  oil  do  not  contain  a  like  proportion 
of  tliis  valuable  constituent.  I  have  found  that  it  ranires  from  0*05 
])er  cent,  to  rather  more  than  G  per  cent,  of  the  oil ;  and  as  the  value 
of  the  oil  is  dej)endent  on  the  proportion  of  this  acid,  it  is  a  matter  of 
some  injportance  to  know  how  its  presence  can  be  discovered.  A  rough 
estimate  may  easily  be  made  by  shaking  np  about  half  a  pint  of  dead 
oil  with  its  own  bulk  of  a  rather  weak  solution  of  caustic  potash.  After 
standing  for  a  little  while,  the  oil  will  separate,  and  the  potash  solu- 
tion of  the  carbolic  acid  may  be  poured  oil".  On  acidulating  this  with 
sulphuric  acid,  the  carbolic  acid  will  separate,  like  an  oil,  and  it  may 
be  known  by  its  creosote-like  odor. 

Another  important  constituent  of  dead  oil  is  the  hydro-carbon,  which 
gradually  discolors  the  oil  and  thickens  it  by  absorbing  atmospheric 
oxygen  and  forming  a  solid  pitch.  This  operates  in  preserving  wood 
by  appropriating  the  oxygen  which  may  be  within  its  pores,  and  so 
checking  ligneous  eremacausis.  The  resinoid  body  which  is  formed 
shuts  u[)  the  pores  of  the  wood  and  effectually  protects  it  from  the  ac- 
tion of  air  and  moisture.  The  presence  of  this  hydro-carbon  may  be 
known  by  the  darkening,  and,  as  it  were,  drying  of  the  oil  when  it  is 
put  upon  white  filter  paper  and  exposed  to  the  air.  In  the  distillation 
of  the  oil  this  compound  comes  over  most  freely  at  the  time  when  naph- 
thaline distils ;  and  as  far  as  my  experiments  have  gone,  ,1  am  led  to 
think  that  the  best  dead  oil  (that  charged  with  most  carbolic  acid,  and 
the  resinafiable  hydro-carbon)  comes  over  at  from  360°  to  490°  Fahr, 
The  carbolic  acid  is  most  abundant  in  the  runnings  at  or  near  to  the 
first  temperature,  and  the  media  for  holding  them  in  solution  and  ap- 
plying them  to  the  timber  at  the  last.  Naphthaline,  and  paranaph- 
thaline,  or  salts,  as  they  are  sometimes  termed,  will  of  course  come 
over  at  these  temperatures ;  but  as  these  substances  are  of  no  value 
whatever  in  preserving  timber,  they  should  be  separated  as  far  as  pos- 
sible by  submitting  the  oil  to  cold  and  to  the  action  of  time.  Dead 
oil  should  not  be  exposed  to  the  air  more  than  is  necessary,  in  order 
that  oxygen  may  not  be  absorbed  and  the  oil  thickened  and  discolored. 
Lastly,  I  may  say  that  carbolic  acid  and  the  hydro-carbons  of  dead 
oil  are  among  the  most  pow^erful  poisons  to  fungi,  and  acori,  and  all 
the  lower  forms  of  organic  life.  The  oil,  therefore,  acts  as  a  physio- 
logical preservative  of  timber.  In  point  of  fact  its  preservative  action 
is  of  four  kinds  : 

1.  It  coagulates  albuminous  substances,  and  gives  stability  to  the 
constituents  of  the  cambium  and  cellulose  of  the  young  wood. 

2.  It  absorbs  and  appropriates  the  oxygen  which  is  within  the  pores 
of  the  wood,  and  so  checks,  or  rather  prevents,  the  eremacausis  of  the 
ligneous  tissue. 

3.  It  resinifies  within  the  pores  of  the  wood,  and  in  this  way  shuts 
out  both  air  and  moisture. 

4.  It  acts  as  a  positive  poison  to  the  lower  forms  of  animal  and  ve- 
getable life,  and  so  protects  the  wood  from  the  attacks  of  fungi,  acori, 
and  other  parasites. 
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No  doubt  the  action  of  the  oil  is  injurious  to  liiglior  forms  of  nnirnal 
lifo.  It  is  even  offensive  to  ourselves,  and  lienee  tlie  o])j('cti()n  to  its 
use  in  the  interior  of  buil(lin<Ts.  lUit  1  am  led  to  think  that  this  ob- 
jection may  be  overcome  by  the  i^se  of  agents,  ^vhieh,  like  nitric  acid 
in  its  action  on  the  benzoic  of  the  lighter  oil  of  coal  tar,  may  give  to 
the  dead  oil  a  less  oflensive,  if  not  a  positively  pleasant  odor.  When 
this  is  accomplished  there  can  be  no  objection  to  its  use  in  the  interior 
of  buildings,  or  for  the  preservation  of  ships. 


Description  of  a  Steam  Crane.'^  By  Mr.  J.  Campbell  Evans, 

of  Greenwich. 

The  steam  crane  described  in  the  present  paper  was  designed  more 
especially  for  use  on  board  steam  vessels;  and  the  chief  points  to  be 
aimed  at  were  consequently  compactness,  facility  of  fixing,  simplicity 
in  the  mode  of  working,  and  durability.  In  cranes  usually  constructed, 
the  boiler  being  separate  from  the  engine,  the  union  joints  of  the  steam 
pipe  are  very  liable  to  leak ;  and  the  writer  believes  there  are  very 
few  such  cranes  where  this  circumstance  has  not  been  a  continual  source 
of  trouble  and  annoyance  after  a  few  months'  regular  work.  Frequent- 
ly the  boiler  is  a  considerable  distance  away  from  the  cylinder,  and 
then  the  steam  and  feed  pipes  are  liable  to  be  injured  in  stowing  the 
cargo ;  in  addition  to  which,  the  condensed  steam  strains  the  machinery, 
and  keeps  the  deck  of  the  vessel  constantly  wet  and  dirty. 

To  obviate  these  disadvantages,  in  the  present  steam  crane,  the 
boiler  is  placed  as  close  as  possible  to  the  crane,  and  revolves  with  it ; 
and  by  making  the  top  of  the  boiler  of  cast  iron,  with  lugs  for  attach- 
ing the  tension  rods,  it  serves  the  double  purpose  of  boiler  and  crane 
post.  The  bed-plate  upon  wdiich  the  crane  and  boiler  are  placed  is 
fixed  to  the  foundation-plate  by  a  centre  bolt,  which  bears  all  the  up- 
ward strain ;  the  downward  pressure  is  taken  by  rollers,  having  their 
bearings  in  the  bed-plate,  and  running  on  the  foundation-plate,  which 
is  solidly  bedded  on  timber  laid  on  the  deck  of  the  vessel. 

To  avoid  upright  tubes  and  horizontal  tube  plates,  the  heating  sur- 
face of  the  boiler  is  arranged  in  cones  ;  the  first  cone  or  fire-box  is  ex- 
posed to  the  direct  radiation  of  the  fire,  after  which  the  heat  passes 
through  an  opening  nearly  opposite  the  fire  door  into  an  annular  space 
between  the  second  and  third  cones,  where  it  is  absorbed  by  the  water 
spaces  on  either  side,  and  passes  round  to  the  funnel  opposite.  In 
this  way  a  sufiicient  heating  surface  is  obtained  without  any  horizontal 
surfaces  in  the  boiler  for  deposit  to  accumulate  upon.  The  two  angles 
or  bottoms  of  the  water  spaces  are  below  the  direct  action  of  the  fire, 
and  are  connected  by  pipes  to  allow  for  the  circulation  of  the  water, 
provided  with  plugs  and  cocks  for  cleaning.  The  w^ater  tank  is  placed 
under  the  boiler ;  this  position  serving  to  heat  the  feed  water  and  to 
preserve  the  cast  iron  bed-plate  from  danger  of  fracture  by  the  heat 
of  the  fire. 

The  crane  is  worked  by  a  single  oscillating  cylinder,  supported  by 
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braclvots  on  the  bcd-plato.  The  joints  for  the  steam  and  exhaust  pipes 
nt  the  tniimioiis  are  made  ti;i;Iit  hy  ^un-inetul  conoM,  fitted  to  the  trun- 
nions and  held  l)y  studs  in  the  brackets;  -when  these  liave  become 
polished  by  workinf];,  the  wear  upon  them  is  very  sli<^ht,  and  this  con- 
struction has  been  found  very  suitable  for  the  rough  treatment  to  which 
cranes  are  usually  subject.  On  the  crank  shaft  is  a  friction  wheel, 
grooved  according  to  jMr.  Jlobertson's  ])lan,  and  kept  continually  re- 
volvinir  bv  the  erii'ine.  On  the  second  shaft  is  another  friction  wheel, 
which,  by  means  of  a  lever,  can  be  moved  into  gear  with  tlie  driving 
wheel,  or,  by  an  opposite  motion  of  the  lever,  can  be  pressed  against 
a  brake,  or  when  lowering  can  be  held  between  the  two.  The  other 
end  of  tlie  second  shaft  carries  pinions  gearing  into  wheels  on  the  shaft 
of  the  chain  barrel.  There  are  two  pairs  of  wheels  and  pinions,  for 
varying  the  speed  according  to  the  weight  to  be  raised ;  the  pinions 
are  thrown  in  and  out  of  gear  by  a  sliding  key,  instead  of  the  ordinary 
clutch ;  by  which  means,  the  width  between  the  frames  that  would  be 
required  for  moving  the  ordinary  clutch  is  saved. 

The  writer  believes  the  principal  difficulty  experienced  in  steam 
cranes  for  ship  purposes  is  in  the  arrangement  of  the  turning  gear ; 
so  that  when  the  vessel  leans  over  to  one  side,  the  crane  shall  be  pow- 
erful enough  to  swing  the  weight,  and  yet  not  cause  a  sudden  start  or 
shock  to  break  the  gear.  In  this  crane,  a  coned  friction  clutch  is  used, 
to  allow  a  slip  at  first  and  to  start  the  weight  gradually;  and  the  ar- 
rangement of  the  foundation-plate  of  the  crane  admits  of  a  much  larger 
spur-wheel  than  usual  being  employed  to  bring  up  the  power.  On  the 
crank  shaft  is  a  worm  working  into  a  worm  wheel,  on  the  shaft  of 
which  is  a  bevil  wheel,  gearing  into  the  two  bevil  wheels  above  and 
below,  which  are  thus  kept  constantly  revolving  by  the  engine.  By 
means  of  a  coned  clutch  acting  on  one  or  other  of  these  wheels,  the 
crane  can  be  moved  round  either  way,  as  desired.  The  two  operations 
of  lifting  and  turning  the  weight  are  easily  managed  by  one  man. 

The  valve  motion  of  the  oscillating  cylinder  is  designed  to  compen- 
sate for  the  oscillation  of  the  cylinder  without  the  use  of  sweeps  and 
guides.  A  radius  rod  is  centred  on  the  cylinder  bracket,  and  con- 
nected to  the  eccentric  rod  by  a  link,  to  which  the  valve  rod  is  at- 
tached by  a  pin.  The  link  combines  the  vibrations  of  the  eccentric 
rod  and  radius  rod,  so  that  at  the  point  where  the  valve  rod  is  attached, 
the  curve  described  by  the  radius  rod  compensates  for  that  described 
by  the  eccentric  rod  in  such  a  degree  as  to  bring  the  valve  rod  into 
the  curve  it  would  naturally  be  made  to  describe  by  the  oscillation  of 
the  cylinder. 

Mr.  Evans  observed  that  the  crane  was  intended  as  a  machine  of 
simple  construction,  complete  in  itself,  including  boiler,  for  fixing  in 
such  situations  as  on  decks  of  vessels  or  on  quays,  where  generally  the 
expense  of  larger  stationary  boilers  for  working  a  number  of  separate 
steam  cranes  could  not  be  gone  to.  These  cranes  had  worked  very 
satisfactorily,  the  only  wear,  after  more  than  a  year's  work,  being  in 
the  bearing  of  the  crank  shaft,  and  by  tightening  up  the  nuts  of  the 
cap  one-eighth  of  a  turn,  all  the  wear  of  some  months  was  taken  up. 
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There  was  an  advantafro  in  tlic  leveraf;o  \\\  turning  round,  and  the 
crane  was  found  very  eonvonicnt  for  handling;  the  ^TioovcmI  IVictiun 
"wheels,  for  conneeting  and  disconneetin^  tlic  njotions,  had  j)roved 
very  satisfaetory,  and  worked  smoothly  and  eiliciently. 

Mr.  11.  Maudslay  incjuircd  what  j)ressurc  of  steam  was  used,  and 
what  woi/j^ht  eould  be  easily  lifted  by  the  erane ;  and  what  was  the 
cost  of  the  whole. 

Mr.  Evans  replied,  that  30  to  40  lbs.  steam  was  used,  and  the  crano 
lifted  50  ewts.;  a  larger  size  was  being  constructed  to  lift  50  cwts.  42 
feet  high  in  half  a  minute.  The  cost  of  the  cranes  at  present  made 
was  about  £200  eomj)lete  ;  no  })ipes  were  re([uired  for  connexion  to 
the  boiler  as  in  detached  steam  cranes,  and  no  fixings  were  wanted 
for  the  crane  or  boiler;  all  that  was  required  was  to  lay  down  4-inch 
timbers  to  bed  the  frame  upon,  and  it  was  a  particular  advantage  in 
the  case  of  ships  that  no  holes  were  required  in  the  deck  for  the  crano 
post,  the  whole  being  self-contained. 

Mr.  E.  A.  Cowper  tliought  it  was  a  disadvantage  in  the  arrange- 
ment that  the  steam  must  be  shut  off  directly  the  load  was  off  to  pre- 
vent the  engine  running  away;  and  a  single  cylinder  had  this  disad- 
vantage— that  it  might  stop  on  the  centre,  causing  a  delay  in  starting 
the  crane  again.  He  thought  it  was  preferable,  for  working  a  crane, 
to  have  two  cylinders  working  cranks  at  right  angles  and  with  link 
motion,  as  in  Taylor's  steam  winch ;  the  engines  were  then  started  or  re- 
versed readily,  in  whatever  position  they  might  have  been  stopped,  and 
there  was  a  decided  advantage  in  thus  getting  rid  of  the  fly-wheel. 

Mr.  Evans  replied,  this  difficulty  of  a  single  cylinder  was  completely 
met  in  the  present  crane  by  having  a  small  hole  remaining  open  when 
the  steam  was  shut  off,  which  allowed  steam  still  to  pass  just  sufficient 
to  keep  the  engine  constantly  moving  at  a  slow  speed,  and  turning  only 
the  first  of  the  friction  wheels.  A  double-cylinder  crane  would  involve 
greater  cost  and  complication,  and  a  good  deal  of  knocking  was  liable  to 
occur  in  the  gearing  of  a  quick  working  crane  on  that  plan  ;  there  was 
also  the  objection  of  water  accumulating  in  the  cylinders  when  standing-, 
which  was  avoided  by  having  the  engine  always  moving. 

Mr.  H.  Maudslay  thought  it  a  good  idea  to  put  the  boiler  at  the 
back  end  to  balance  the  jib,  which  made  an  advantageous  arrangement. 
In  a  30-ton  steam  crane  recently  erected  in  the  wharf  at  Messrs.  Mauds- 
lay, Son  &  Field's  works,  the  engine  was  fixed  upon  the  jib,  consist- 
ing of  a  pair  of  small  cylinders,  with  short  stroke,  working  cranks  at 
riorht  ano^les ;  the  crane  lifted  30  tons  and  the  lowerinfj  and  raisinfr 
were  done  very  smoothly  by  the  cylinders  ;  for  lowering  such  a  weight 
double  cylinders  were  of  course  wanted,  to  prevent  a  jerk. — Proc,  Inst, 
Meclu  Engineers, 

On  Road  Locomotives.'^  By  the  Earl  of  Caithness. 

My  present  object  is  not  to  enter  into  any  detailed  history  of  the 
steam  engine  from  its  commencement,  or  to  trace  its  gradual  improve- 

*  From  the  London  Civ.  Eng.  and  Arch.  Jour.,  August,  1860, 
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jiiciit,  l»ut  to  place  before  you  as  briefly  as  possIl)le  some  of  tlie  advan- 
tages that  may  accrue  IVoni  it  as  a  nicaus  of  transit  on  our  common 
roads. 

'I'lic  i)ul)li(;  mind  is  usually  set  against  any  thing  new.  When  steam- 
ers \vere  first  spoken  of  they  were  looked  on  as  a  most  wild  and  dan- 
gerous ex))edient.  They  wouhl  be  constantly  on  fire, — would  not,  or 
could  not  go  to  sea, — and  if  they  did,  Avho  would  be  found  mad  enough 
to  go  with  them  V  Mr.  Miller,  of  Dalswii\ton,  found  this  to  the  cost  of 
mind  and  person  ;  and  Mr.  Bell,  though  more  successful  with  his  first 
boat  on  tlie  Clyde,  had  his  battle  to  figlit  against  public  opinion.  Kail- 
"Ways  at  first  were  looked  on  as  wild  and  visionary,  and  dangerous  in 
the  extreme  to  Iler  Majesty's  subjects.  Thanks  to  George  Stephen- 
son, his  perseverance  had  its  reward,  not  only  to  himself,  but  in  a  much 
larger  degree  to  us. 

My  object  is  to  lay  before  you  what  in  my  opinion  may  some  day 
work  nearly  as  great  a  benefit  on  society  as  our  railways.  The  sub- 
ject is  not  new,  but  I  am  not  aware  that  it  lifts  ever  been  brought  be- 
fore the  British  Association.  It  is  road  locomotion  by  steam.  It  seems 
the  more  important  at  this  time  to  discuss  the  subject,  as  at  present 
a  bill  is  before  parliament  to  enact  certain  tolls  on  locomotives ;  and 
so  much  fear  is  expressed  by  various  parties  as  to  the  freedom  from 
danger  of  these  machines,  that  I  think  it  a  favorable  opportunity  to 
bring  the  subject  before  the  meeting.  Various  plans  have  been  tried, 
and  vast  sums  of  money  expended,  in  endeavoring  to  perfect  a  good 
road  locomotive.  Watt  designed  one  to  carry  two  persons,  but  it  was 
not  constructed,  his  other  employment  taking  up  so  much  time  as  to 
prevent  him  carrying  it  out.  The  first  actual  steam  carriage  we  read 
of  was  made  by  a  Frenchman  named  Cugnot,  who  showed  it  to  Mar- 
shal Saxe  in  1763.  He  afterwards  made  one  that,  when  first  set  in 
motion,  went  through  a  wall,  and  being  by  this  means  or  other  violent 
exhibition  of  its  powers  considered  very  dangerous,  was  placed  in  the 
Arsenal  Museum  at  Paris,  where  it  now  is.  An  American,  Oliver 
Evans,  also  invented  a  steam  carriage  in  1772,  but  it  did  not  come 
into  use.  William  Symington  conceived  the  same  idea  for  Scotland, 
but  the  roads  were  then  so  bad,  that,  to  speak  in  a  slang  way,  it  was 
*'nogo;"  this  w^as  in  1786.  The  next  inventor  was  William  Murdoch, 
"who  in  1784  made  a  model  of  a  steam  carriage,  which  is  still  in  pos- 
session of  a  relative  of  Murdoch's.  Another  inventor  of  steam  car- 
riages was  Thomas  Allen,  of  London,  who  in  1789  designed  one  to 
carry  goods  and  passengers. 

The  most  successful,  however,  seems  to  have  been  a  locomotive  built 
by  Richard  Trevethick,  of  Cornwall,  and  Andrew  Vivian,  his  cousin, 
(Trevethick  was  a  pupil  of  William  Murdoch.)  He  took  out  a  patent 
for  it  in  1802.  His  carriage  was  like  a  common  stage-coach.  It  had 
only  one  cylinder.  This  was  the  first  successful  engine  made  to  work 
■with  high-pressure,  moving  the  piston  both  ways  against  the  pressure  of 
the  atmosphere  only.  The  first  road  steam- carriage  was,  on  the  whole, 
wonderfully  successful.  It  caused  great  excitement  in  his  neighborhood. 
This  carriage  safely  reached  London,  and  was  publicly  exhibited  on  an 
inclosed  piece  of  ground  where  Euston-station  now  stands. 
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IlaviiifT  tluis  sliOTNTi  that  in  tlie  early  days  of  .^tcain,  carriages  were 
made  and  driven  on  connnon  roads,  I  am  about  to  brin^r  the  subject 
])erore  this  meeting,  in  the  hope  if  it  is  now  taken  up,  and  backetl  by 
tlie  liritish  Association,  we  sliall  have  this  most  usetul,  and  now  well 
understood  power,  brought  to  bear  as  a  most  elhcient  means  of  convey- 
ing heavy  goods  and  passengers,  as  tenders  to  our  railways,  instead  of 
making  so  many  short  branches  of  railways  that  do  not  pny. 

Mr.  Scott  Kussell,  many  years  ago,  made  a  succes.sful  steam  car- 
riage that  ran  between  (Jlasgow  and  Paisley;  and  if  it  had  not  been 
for  a  most  unfortunate  misunderstanding  between  the  promoters  of  the 
carriage  and  the  road  trustees,  whereby  a  fatal  accident  took  place.  I 
believe  it  would  then  have  made  a  great  stride  in  the  right  direction. 
It  performed  its  journey  very  well  for  some  time. 

One  of  the  great  reasons  why  we  may  now  look  for  success  in  road 
locomotives  is,  that  instead  of  as  formerly  having  a  heavy  machine  or 
carriage  worked  with  a  comparatively  light  pressure  of  steam,  we  now 
have  a  light  carriage  and  worked  at  a  heavy  pressure.  We  now  have 
the  means  of  making  very  strong  boilers  very  light,  and  to  stand  a 
high  pressure. 

A  number  of  plans  have  been  tried,  all  more  or  less  successful.  The 
first  one  that  came  out  of  late  was  Mr.  Boydell's,  with  its  endless  rail- 
way attached  to  its  wheels.  This  carriage,  though  I  have  not  seen  it 
at  work,  has,  I  understand,  drawn  great  weights  after  it  at  a  cost  much 
less  than  that  of  horse-power ;  and  though  clumsy  in  appearance,  yet 
that  may  be  got  over.  The  first  thing  in  my  mind  is  to  establish  the 
actual  working  of  this  mode  of  haulino:. 

"We  have  now  another  and  also  a  most  successful  steam  carriao^e  in 
Mr.  Bray's.  It  is  very  ingenious.  It  has  now  been  working  for  some 
time  with  perfect  success  ;  and  though  it  was  unfortunately  transmog- 
rified last  3'ear  into  a  green  dragon,  and  for  a  time  gave  in,  yet  there 
is  no  reason  why  it  should  not  turn  out  a  most  useful  machine.  Indeed 
it  has  proved  itself  so  a  great  many  times  within  a  few  months,  in  taking 
large  loads  through  London.  It  has  drawn  over  thirty  tons  through 
the  most  crowded  thoroughfares  of  London,  and  in  no  instance  has  any 
accident  occurred  during  its  employment.  The  economy  in  its  use  has 
been  equal  to  a  saving  of  one-half  the  cost  of  employing  horse-power. 

Mr.  ]McConnell,  to  whom  the  world  is  largely  indebted  for  very  val- 
uable improvements  in  the  locomotive  engine,  has,  I  believe,  undertaken 
to  give  his  able  attention  to  this  subject,  with  a  view  to  bring  out  a 
simpler  engine  than  that  now  in  use.  This  I  feel  can  be  done  with 
ease,  so  as  to  make  a  much  more  workable  and  less  costly  machine. 
I  think  great  speed  should  not  be  looked  for  in  traction  engines.  What 
is  wanted,  in  my  opinion,  is  a  means  of  taking  large  loads  at  a  small 
cost.  It  is  a  great  mistake  to  suppose  that  injury  is  done  to  the  road 
by  the  use  of  steam  carrias-es.  The  truth  is  that  there  is  much  less 
injury  done  than  by  using  horses, — the  broad  wheels  acting  like  rollers, 
and  so  rather  improving  than  hurting  the  road. 

The  Marquis  of  Staft'ord  has  had  a  small  steam  carriage  in  use  now 
for  two  years,  and  it  works  with  great  ease.  It  was  made  by  Mr. 
Eickett,  of  Castle  Foundry,  Buckingham.     Since  it  was  made  Mr. 
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llickott  lias  made  two  otlicrs,  introducin;^  groat  ImprovoTnonts,  being 
direct  acting  instead  of  being  driven  by  a  pitch  chain.  One  of  these 
carriages  has  be<Mi  built  f'oi"  myself.  It  weighs  one  ton  and  a  lialf, 
and  1  liavo  had  a  sj)ced  of  n(>ar!y  twenty  miles  an  hour  out  of  it.  I 
gave  a  suggestion  as  to  the  mode  of  ))lacing  the  axle  in  connexion  with 
the  driving  gear,  which  I  will  ex[)iain.  1  placed  the  axle  of  the  road 
Avlieid  in  radial  segments,  so  that  the  springs  rise  and  fall  by  the  action 
of  the  road,  the  driving  gear  or  toothed  wheels  arc  never  allowed  to 
be  at  a  greater  distance  from  each  other  at  any  time;  the  axle  as  it 
rises  or  falls  performing  a  part  of  a  revolution  round  a  crank  shaft, 
on  which  is  fixed  the  smaller  wheel  which  gives  the  action  to  the  road 
wheels.  Its  action  is  perfect,  as  the  teeth  of  the  wheels  are  always  in 
gear  to  the  same  depth  ;  and  the  conse(|uence  is  that  the  springs  act 
most  perfectly,  and  it  goes  along  the  road  without  trouble.  1  have 
now  had  several  trips  on  it  from  Buckingham  to  Wolverton,  a  distance 
of  ten  miles,  and  this  has  been  done  within  the  hour  including  stoppages. 
Another  advantage  of  steam  on  roads  over  horse-power  is,  that  in- 
stead of  requiring  twenty  or  thirty  horses,  forming  quite  a  troop,  to 
take  a  carriage  containing  some  heavy  weight,  you  place  before  the 
said  carriage  a  steam  engine.  Tliis  power  will  cost  but  a  small  sum 
in  comparison  with  horses ;  it  will  be  a  constant  power  so  long  as  it 
gets  coal  and  water.  It  will  take  up  but  little  room,  not  being  much 
larger  than  a  common  carriage.  This  seems  a  most  important  reason 
for  the  advancement  of  steam,  as  at  this  present  day  saving  of  time, 
money,  space,  and  at  the  same  time  gaining  increase  of  power,  are  co- 
gent reasons  for  advocating  any  cause. — Froc.  Brit.  Assoc,  1860. 


Horse  Railways  on  Common  Roads."^  By  John  Crane. 

To  the  Editors  of  the  Mechanics'  Magazine: — 

Gentlemen  : — Perfectly  agreeing  with  yourselves  and  Messrs.  Train 
k  Burn  in  the  advantages  to  be  derived  from  horse  railways,  I  humbly 
crave  a  corner  in  your  able  and  liberal  Magazine  for  a  brief  exposi- 
tion of  my  own  views  on  a  mere  matter  of  debateable  detail.    It  strikes 
Y\„^  1,  me  that  there  is  no  need  whatever 

for  the  vehicles  that  run  on  rails 
in  public  streets  to  have  flanched 
wheels,  which  would  prevent  their 
running  except  on  such  rails;  but 
that  the  present  wheels  might  be 
retained,  provided  all  the  axletrees 
"were  made  the  same  length,  and  a  form  of  rail  adopted  like  that  in  Fig. 
Fig.  2.  1.    It  may  be  called  a  "trough  rail,"  and  is 

five  inches  wide  inside,  with  two  flanches, 
and  to  be  jBxed  on  continuous  lono-itudinal 


mSi  wooden  sleepers,  or  embedded  in  stone  blocks 
laid  down  at  intervals  of  about  four  feet.    I 
also   recommend  a  stone   curb  to  be   laid 
along  each  side  of  the  rail,  such  as  is  now  generally  used  for  curbing 

*From  the  Lond.  Mechanics'  Magazine,  June,  ISGO. 
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foot-patlis.  Pwit  if  a  flancliod  wheel  be  preferred,  then  T  tliink  the  form 
of  tlic  rail  in  Fiij^.  l2  is  better  .suited  to  meet  the  various  re(juireuients  of 
tlie  ease  than  any  1  have  yet  seen.  Eacli  eould  be  made  either  of 
Avrought  or  cast  iron,  and  of  course  of  any  dimensions  to  suit  the  par- 
ticular traflic.  I  will  not  now  take  up  any  more  of  your  space  or  your 
readers'  time  by  enlarii^inu:;  on  tlie  advanta;2;e  of  my  pi'oposcd  plans,  but 
conclude  by  assuriiii^  you  that — whether  they  are  novel  or  nut — 1  shall 
not  patent  them,  but  present  them  to  the  public  gratuitously. 

59  Lee  Crescont,  Uiruiiughtuii,  May  31,  ISGO. 
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Keiv  Hide  for  Depths  of  Kct/stone  for  either  Sefjmental  or  Elliptic 
Arches  of  Stone,  By  John  C.  Tuautwine,  (J.E.,  Philada. 

I  submit  the  following  original  rule  for  determining  the  depth  of 
keystone  for  either  segmental  or  elli})tic  arches  of  stone,  as  coincid- 
ing more  nearly  than  any  other  with  which  I  am  acquainted,  with  the 
practice  of  the  best  engineers  : 

For  first  class  cut-stone  work  of  hiird  material  take  '36  of  the  square 
root  of  the  radius  at  the  crown.  For  second  class  work  '4;  and  for 
brick  or  rubble  Arches  '45  of  the  same  square  root. 

The  following  examples  will  show  the  accordance  of  the  rule  with 
existing  structures  both  elliptic  and  segmental,  in  the  first  case,  viz  : 
with  first  class  work  and  materials. 

•36^Radius  at  crown. 


Span 

Rise 

Rad.  at 

Actual 

Calcul'd 

1 

in 

in 

Crown 

Key  in 

Key  in 

Engineer. 

feet. 

feet. 

in  feet. 

feet. 

feet. 

Cabin  John  Aqueduct  and  Roadway  Arch  of 
the  Washington  Aiiui'duct,* 

220 

57^4 

v.n% 

*416 

417 

.Abigs. 

Grosvi  nor  Britlge,  across  tlu-  Dee,     . 

200 

42 

liO 

4-00 

4-26 

Uairison. 

London  liridge  (neAv).  Thames, 

152 

291^ 

1G2 

4-75 

4-58 

Rennie. 

Olouci't-ter  liriili^e,  Severn, 

150 

35 

150 

4-50 

441 

Telford. 

Claix  Bridge,  France,               .                        . 

150 

54 

82 

3-10 

3-26 

Dora,  Turin,                   .                        . 

148 

IS 

100 

4-80 

4-55 

Mosca. 

Nenill}'.  as  designed, 

128 

32 

100 

5-30 

4-65 

Perronet. 

Neuilly,  as  it  exists  on  account  of  the  settle- 

ment of  tht- arclies, 

128 

2.o0 

5-30 

6-69 

Perronet. 

Licking  Aqueduct,  Ches.  and  Ohio  Canal, 

<to 

15 

76 

2-83 

3-14 

Fisk. 

Staiutti  Bridge, 

74 

9-3 

78  — 

3-00  — 

3-18 

Rennie. 

Bow  Bridge,  England, 

66 

13-70 

81 

2-50 

3-24 

\Valkcr  and' 
Burges. 

Monocacy  Aqueduct,                .                        . 

54 

9 

50-0 

2-50 

2-55 

Fisk. 

Lugar  Viaduct,  Scotland, 

50 

25-00 

25-0 

2-00 

1-80 

Miller. 

James  Kivcr  A(juiduct,           .                       . 

50 

7 

47-0 

2-06 

2-47 

EUet. 

Reading  Railroad,  vit  Reading, 

31 

5 

26-8 

1-66 

1-86 

Steele. 

Semi-circle, 

2-0 

1-00 

1-0 

0-33 

Voat  Napoleon  Viaduct,  Paris,  small  ruhhle 

masonry  in  cement;  muliiply  by  •45. 

115-5 

1475 

120 

4-00 

4-93 

Couche. 

Maidenhead  Viaduct,  brick  in  cement;  niul- 

tii  Iv  by  45 

128 

24-25 

169-0 

5-25 

5-85 

Brunei. 

Our  public  w^orks  abound  with  cut-stone  arches  having  keys  varying 
from  -36  to  -4  of  the  square  root  of  the  radius  of  the  crown,  and  with 
rubble  arches  having  keys  from  -4  to  '45  of  the  same  square  root;  but 
I  have  not  thought  it  necessary  to  introduce  them. 

*This  is  the  largest  stone  arch  of  modern  times,  or.  perhaps,  of  any  former  period,  unless  we  except  the 
ancient  bridge  of  Trezzo,  said  to  have  been  251  feet  sj)an  ;  it  was  designed,  and  its  erection  superintended  bj 
Capt.  Montgomery  C.  M-igs,  of  the  U.  S.  Topog.  Engineers. 
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Illchs   3Iaximum  and  3Iinimum  3Iercurial  Thermometer.'^ 

The  following  (Inscription  of  a  new  inaximum  and  niinimuin  mercu- 
rial theruionietcr  invented  by  Mr.  Janies  llieks,  was  written  by  Bal- 
four Stewart,  Esq.,  and  communicated  to  the  lloyal  Society  by  J.  P. 
Gassiot,  Escj.: — 

About  a  fortni^rlit  since,  l\Ir.  James  Ilicks,  the  intelligent  foreman 
of  Mr.  L.  P.  Casella,  0})tician,  called  at  Kew  Observatory  with  an  in- 
strument of  the  accompanying  description,  for  the  purpose  of  having 
it  compared  with  the  ordinary  maximum  and  minimum  thermometers. 
This  comparison  proving  very  satisfactory,  and  the  principle  of  the 
instrument  commending  itself  to  Dr.  Robinson,  Mr.  Gassiot,  Professor 
Walker,  and  several  other  scientific  men  who  examined  it,  Mr.  Gassiot 
requested  me  to  write  a  short  description  of  it,  which  he  thought  might 
l)c  of  interest  to  the  Royal  Society.  For  many  particulars  of  this  de- 
scription I  am  indebted  to  Mr.  Casella,  and  Mr.  Ilicks,  who  furnished 
me  with  details  regarding  the  construction  of  the  instrument. 

Its  chief  advantage  consists  in  its  furnishing  us^with  a  mercurial 
minimum  thermometer,  no  serviceable  instrument  of  this  description 
having  hitherto  been  made.  At  the  same  time  it  is  also  capable  of 
being  used  as  a  mercurial  maximum  thermometer. 

The  principle  of  the  instrument  is  briefly  as  folloAvs  : — It  has  a 
cylindrical  bulb  nearly  three  and  a  half  inches  long  and  half  an  inch 
in  diameter,  filled  with  mercury.     This  gives  a  bore  nearly  -o'gth  of  an 

inch  wide,  and  a  scale  on  which  1° 
Fahrenheit  corresponds  to  about  ^  fjth 
of  an  inch,  when  the  graduation  has 
reached  150°  F.  or  so  ;  both  the  tube 
and  the  scale  are  made  to  assume  a 
position  at  right  angles  to  that  which 
they  occupied  previously,  so  that  the  first  portion  of  the 
thermometer  being  vertical,  the  second  will  be  horizontal. 
The  numbers  on  the  horizontal  scale  are  not,  however,  in 
continuation  of  those  on  the  vertical,  for  in  the  instrument 
from  which  this  account  is  taken,  while  150°  is  the  highest 
division  on  the  vertical  scale,  the  first  on  the  horizontal  is 
—  10°,  the  next  0°,  the  third  10°,  and  so  on.  The  reason  of 
this  method  of  graduation  will  immediately  appear.  Above 
the  mercury  there  is  a  small  quantity  of  spirits  of  wine, 
which  extends  some  distance  into  the  horizontal  tube.  The 
quantity  of  this,  and  the  graduation,  correspond  in  such  man- 
ner that  the  extreme  end  of  the  spirit  column  denotes  the 
same  degree  of  temperature  as  the  mercury.  The  remain- 
der of  the  horizontal  tube  is  filled  with  air.  There  are  two  movable 
indices  in  the  spirit  column,  one  in  the  vertical  tube,  the  other  in  the 
horizontal,  each  about  half  an  inch  long.     The  former,  B,  consists  of 

*  From  the  Mechanics'  Magazine,  June,  1860. 
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;\  rmc  stool  niagiut  inolosod  in  fjlass.  This  forms  tlio  body  of  the  in- 
dex. At  oithor  cxtromity  tlioro  is  a  lioad  of  black  glass,  similar  to 
that  Avhich  occurs  in  the  index  of  an  or<linary  niininiuui  tlicnionietor. 
A  fine  hair  is  tied  round  the  nock  of  tliis  in«lox,  between  tlie  Ixxly  and 
the  Uj)))or  head;  and  it  is  made  to  liani:  (h)\\n  by  the  side  so  that  by 
its  ohistic  pressure  against  tlie  tube  the  index  may  be  ke|)t  in  its  phice 
notwithstanding  its  verticality.  The  ijidex  in  the  Ijorizontal  tul>e  A  is 
in  all  respects  similar  to  that  of  an  ordinary  maximum  thermometer. 

Let  us  now  8uj)])ose  the  instrument  fixed  in  its  position,  the  first 
part  of  the  stem  being  vertical.  In  order  to  adjust  it  we  must  first 
bring  tlie  vertical  index  into  contact  with  the  up})er  extremity  of  the 
mercurial  column.  To  do  this,  let  us  take  two  small  but  strong  horse- 
shoe magnets,  and  lay  the  one  above  the  other,  so  that  the  poles  of  the 
one  shall  overlap  to  a  small  extent  the  corresponding  poles  of  the  other. 
3]ring  the  magnets  up  to  tlie  index  in  such  a  manner  that,  while  the  poles 
of  the  one  bear  against  the  side  of  the  glass  tube,  the  overlapping  poles 
shall  lie  over  the  tube  so  as  to  be  in  front  of  the  index  ;  the  index  will 
now  follow  the  motion  of  the  magnets,  and  it  may  thus  be  brought 
down  to  the  surface  of  the  mercury.  In  order  to  bring  the  horizontal 
index  to  the  extremity  of  the  spirit  column,  all  that  is  necessary  is  to 
incline  the  horizontal  tube  a  little  downwards  by  pressing  on  the  end. 
The  indices  being  now  set  and  the  instrument  in  adjustment,  let  us 
suppose  the  temperature  to  rise — the  mercurial  column  will  push  the 
vertical  index  up,  but  this  index  will  remain  in  its  place  when  the 
mercury  again  falls,  and  will,  therefore,  denote  the  maximum  tempe- 
rature reached.  On  the  other  hand,  let  us  suppose  the  temperature  to 
fall — the  mercury  in  falling  is  followed  by  the  spirit  column  propelled 
by  the  air  behind  it.  The  spirit  column  again  will,  on  its  edge  coming 
in  contact  with  the  end  of  the  horizontal  index,  draw  the  index  Avith 
it  into  a  position,  where  it  will  remain  when  the  mercury  again  rises. 
This  index  will,  therefore,  register  the  extreme  minimum  point  which 
the  spirit  column  has  reached  ;  but  by  the  principle  of  graduation  this 
will  correspond  with  the  minimum  point  reached  by  the  mercurial 
column. 

Let  us  now  suppose  that  a  small  portion  of  the  spirit  column  has  be- 
come separated,  and  lodged  itself  in  the  extremity  of  the  tube.  The 
principle  of  graduation  will  immediately  enable  us  to  discover  this  by 
a  want  of  correspondence  being  produced  in  the  reading  of  the  mercu- 
rial and  of  the  spirit  columns.  If,  for  instance,  before  the  separation 
the  mercury  read  50°,  and  the  horizontal  extremity  of  the  spirit  col- 
umn also  50°,  it  is  clear  that,  after  the  abstraction  of  spirits  has  taken 
place,  the  horizontal  column  will  read  lower.  AVe  have  thus  a  check 
upon  this  possible  source  of  error,  which  we  have  not  in  the  ordinary 
minimum  thermometer.  Indeed,  it  is  to  all  intents  a  mercurial  mini- 
mum thermometer  that  we  are  now*  describing,  the  spirits  serving  mere- 
ly as  a  vehicle  for  the  indices.  It  will  be  remarked  that  were  both 
columns  capable  of  acting  in  a  horizontal  position,  there  would  be  no 
necessity  for  the  bend,  and  the  instrument  would  be  more  portable ; 
but  in  this  position  it  is  found  there  is  danger  of  the  spirits  becoming 
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mixed  witli  the  mercury,  and  thus  iMterfering  with  the  action  of  the 
instruuu'iit.  Shouhl  tliis  ever  be  hrou^lit  about  by  travelin;,^,  or  any 
cause,  a  siii;\rt  jerk  or  two  of  the  instrument  will  join  the  separated 
columns  and  |tut  all  ri;;lit. 

The  instrument  is  thus  constructed: — Tlic  vertical  tube,  including 
the  bull),  is  first  made  and  idled  with  mercury  to  the  proper  height, 
and  the  magnetic  index  is  introduced  ;  then  the  horizontal  tube  is 
Joined,  and  the  spirits  of  wine  and  the  horizontal  index  arc  introduced. 
The  bulb  is  then  plaet'd  in  a  freezing  Uiixture,  in  order  that  the  mer- 
cury ma}''  I'etreat  as  Car  as  possible,  followed  by  the  spirits  of  wine. 
The  tube  is  then  sealed,  care  being  taken  that  the  bore  shall  end  in  a 
small  rounded  chandjer  ;  for,  if  pointed,  some  of  the  spirits  would  be 
apt  to  lodge  there,  whence  it  would  be  diiJicult  to  remove  it.  The  ob- 
ject of  cooling  the  bulb  before  sealing  off  is,  that  we  niay  have  as  much 
air  in  the  tube  as  possible,  for  its  pressure,  as  already  mentioned,  en- 
ables the  spirits  to  follow  the  mercury  when  the  latter  falls. 

To  graduate  the  instrument,  set  it  with  the  mercurial  stem  horizon- 
tal in  melting  ice,  then  point  off  the  extremity  of  the  mercurial,  and 
also  of  the  spirit  column  as  corresponding  to  3:i°  F.  Perform  a  similar 
operation  in  water  42°,  52°,  (J2°,  kc,  and  also  in  freezing  mixtures 
doAvn  to  zero,  or  lower  if  necessary. 

In  conclusion,  if  used  as  a  wet-bulb  thermometer,  this  instrument 
will  give  us  the  maximum  and  minimum  temperatures  of  evaporation 
obtained  under  precisely  the  same  circumstances. 


On  Indications  of  Vacua.^ 

An  interesting  paper  "  On  Vacua  as  Indicated  by  the  Mercurial 
Siphon-gauge  and  the  Electrical  Discharge"  was  recently  read  at  the 
Ro3^al  [Society,  by  J.  P.  Gassiot,  Esq.,  E.  R.  S.  The  following  is  an 
abstract  of  it: 

"  That  the  varied  condition  of  the  stratified  electrical  discharo:e  is 
due  to  the  relative  but  always  imperfect  condition  of  the  vacuum 
through  which  it  is  passed,  is  exemplified  by  the  changes  which  take 
place  in  the  form  of  the  strii^  while  the  potash  is  heated  in  a  carbonic 
acid  vacuum-tube.  In  order,  if  possible,  to  measure  the  pressure  of 
the  vapor,  I  had  a  carefully  prepared  siphon  mercurial  gauge  sealed 
into  a  tube  15  inches  long,  at  an  equal  distance  between  the  two  wires 

A  B.  This  tube  w^as  charged 
with  carbonic  acid  in  the  man- 
ner described  by  me  in  a  former 
communication.  When  exhaust- 
ed by  the  air-pump  and  sealed, 
it  showed  a  pressure  indicated 


A 


d 


by  about  0*5  inch  difference  in  the  level  of  the  mercury ;  the  potash 
■was  then  heated  ;  the  mercury  gradually  fell  until  it  became  perfectly 
level.  Dr.  Andrews  {Philosophical  Magazine^  February,  1852,)  has 
shown  that  with  a  concentrated  solution  of  caustic  potassa,  he  obtained 

♦From  the  London  Mechanics'  Magazine,  June,  1860. 
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with  oarbonic  acid  ;i  vacuinii  witli  tlic  air  pump  po  porfcot  as  to  exer- 
cise no  apj)reciable  tension,  as  no  ilifl'erence  in  the  level  of  the  mercury 
in  the  siplion-paufjc  eouhl  be  detected.  On  trying  the  disehart^e  in 
the  vacuum-tube  after  the  potash  had  cooled,  I  found  it  gave  the  cloud- 
like  stratifications,  -with  a  sli^lit  reddish  tin^e;  conse(|n('ntly  not  only 
Avas  the  vacuum  not  perfect,  as  denoted  by  the  form  of  stratifications, 
but  in  this  tube  the  color  denotes  that  even  a  trace  of  the  air  remains, 
probably  that  portion  in  the  narrow  part  of  the  siphon-;zau_L''e,  which, 
from  its  position,  was  not  displaced  by  the  carbonic  acid." 

''The  potash  was  sul)se(juent]y  lieatcd  until  the  d iscli a r_!^c  was  re- 
duced to  a  wave  line,  with  very  narrow  striie ;  in  this  state  moisture 
is  seen  adhering  to  the  sides  of  the  tube  ;  but  even  in  this  state  the 
difierence  in  the  level  of  the  mercury  in  the  gauge  did  not  ever  vary 
more  than  -05  inch.  As  the  potash  cooled,  the  discharge  altered 
through  all  the  well-known  phases  of  the  strioe,  the  mercury  again  be- 
coming quite  level.  At  first  almost  the  slightest  heat  applied  to  the 
potash  alters  the  form  of  the  stratifications  ;  as  the  heating  is  repeated, 
longer  application  is  necessary;  but  it  shows  how  sensibly  the  electrical 
discharge  denotes  the  ]ierfection  of  a  vacuum,  which  cannot  be  de- 
tected by  the  ordinary  method  of  mercurial  siphon-gauge. 


Chain  Riveting."^  By  W.  Fairbairn,  Esq.,  LL.D.,  F.R.S.,  &c.,  &c. 

In  the  formation  of  the  bottom  of  a  tubular  girder,  whether  com- 
posed of  cells,  as  in  the  Britannia  and  Conway  bridges,  or  of  double 
plates,  as  in  smaller  examples,  it  is  of  importance  to  have  as  few  joints 
as  possible.  Hence  the  plates  should  be  rolled  as  long  as  their  weight 
and  thickness  will  allow,  and  the  joints  be  carefully  united  by  cover- 
ing plates,  chain  riveted^  as  shown  in  the  following  sketch,  with  three 
or  more  rows  of  rivets,  according  to  the  width  of  the  plates.     Eight 
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rivets  are  required  in  each  of  the  lines,  four  on  each  side  of  the  joint, 
to  give  sufficient  strength,  and  the  area  of  the  rivets  collectively  should 
be  equal  to  the  area  of  the  jointed  plates,  taken  transversely  through 
one  line  of  the  rivets,  the  area  of  the  parts  punched  out  in  that  line 
being  deducted.  These  proportions  give  the  required  security  to  the 
joint,  and  afford  nearly  the  same  strength  to  a  tensile  strain  as  the 
solid  plate ;  that  is,  if  the  covering  plates  be  as  much  thicker  as  will 
give  the  same  area  of  section  through  the  rivet  holes  as  the  imperfo- 

*  From  the  Loud.  Mcchaoics'  Magazine,  June,  1860. 
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rated  double  plate.  These  ])reeautions  Ijcirif^  taken  in  coverlnf^  the 
joints  of  tlie  j)lates  and  in  securing  the  an^^le  irons  Aviiich  unite  the 
sides  with  the  bottom,  it  will  meet  in  practice  all  the  recjuirements  of 
a  uniform  power  of  resistance  to  strain  from  one  end  of  the  girder  to 
the  otluM*. 

In  a  lonp;  cxpcM'imental  inijuiry  which  I  undertook  some  years  since, 
it  was  shown  tliat  thei-e  was  a  loss  in  the  riveted  joint,  as  compared 
with  the  solid  plate,  of  -jO  to  50  per  cent.;  that  is,  taking  the  strength 
of  the  solid  j)late  at  100,  that  of  the  double  riveted  joint  would  be  TO, 
and  that  of  the  single  riveted  joint  50. 

This  great  deficiency  in  the  strength  of  joints  subjected  to  a  trans- 
verse strain,  caused  considerable  difficulty  in  designing  the  ]]ritannia 
and  Conway  bridges ;  double,  treble,  and  quadruple  riveting  was 
thought  of;  but  one  after  another  was  abandoned,  on  account  of  the 
rivet  holes  weakening  the  plates  ;  and  I  should  almost  have  despaired 
of  attaining  the  object  in  view,  but  for  the  system  of  longitudinal  or 
chain  riveting  having  occurred  to  me,  after  repeated  trials  of  other 
modes  and  forms.  Experiment,  however,  established  the  perfect  security 
of  this  method,  as  the  following  tables  clearly  demonstrate.  Two  dis- 
tinct methods  were  tried,  one  w^ith  a  single  thickness  of  plates,  the 
joint  having  a  covering  strip  on  each  side ;  the  other  with  two  thick- 
nesses of  plate,  there  being  a  joint  in  one  of  them  covered  by  a  plate, 
and  kept  in  position  by  a  line  of  rivets  as  already  described.  The 
jointed  plates  having  been  prepared,  the  experiments  were  effected 
by  a  powerful  lever,  tearing  the  joints  and  plates  asunder  in  the  direc- 
tion of  the  line  of  rivets. 

Chain  Riveting.     Single  Plates,  with  double  Covers  over  the  Joint. 


No.  of 
Experiment. 

Weight  in  lbs. 

Remarks. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

5,600 
26,656 
28,448 
30,240 
32,032 
33,824 
35,626 
37,418 
39,210 
41,002 

021 
•034 
•034 
•044 

•052 
•056 

Weight  of  the  lever. 

r\      /^    rN.     .--^     r\    n^.     ^    r\ 

'w       '^^     \J     O      ^J      ^^      w     ^'  ' 

Torn  asunder  through  a  rivet  hole  after  sustaining  the  load 
a  few  seconds. 

Sq.  iu. 
Area  of  section  through  solid  plate,  .  .         3^5X"25  =-875 

Area  of  the  covering  plates,  .  .  3'5X'26  =-910 

Area  of  section  through  rivet  hole,  .  .  3-0x25  =-750 

Diameter  of  the  rivets,  each  ^  inch,  four  on  each  side  of  the  joint. 

If  we  take  the  area  of  the  plate  at  the  point  of  fracture  =  ^750  inch,  it  will  be  found 
that  it  required  a  power  of  24-41  or  nearly  241  tons  per  square  inch  to  tear  it  asunder. 
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From  tlio  following  cxporiim-nt,  it  ni.pcMrs  that  the  frncturo  took 
place  through  the  solid  plate  on  one  side,  and  hy  she:iring  of!"  the  rivets 
on  the  other.  Hence  the  area  of  section  of  fracture  s=-«T;j  X  'l>>i')=i 
rOO  inches,  and  proceeding  as  before,  we  have  18-73  tons  per  Bcjuarc 
inch  as  the  breakinij:  weiirht. 

Chain  Riveting.     Doublt  I'/ufes,  and  a  single  Cover  over  the  Joints. 
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5,600 

2 

26,6r)6 

•016 

3 

37,408 

•025 

4 

46,3'i8 

•028 

5 

55,3-,'9 

•075 

6 

62.496 

•100 

7 

69,664 

Rkmahks. 


\\  figlit  ol  llie  lever. 


Broke  by  shearing  off  the  rivets  close  to  the  plate. 


Sij.  in. 
2X-875         =1-750 

=0  91 


Area  of  section  through  plates,  . 

Area  of  section  throui^h  rivet  holes, 
Area  of  covering  plate  through  rivet  holes, 
Rivets  as  before,  ^-inch  diameter. 

Finding  the  resisting  powers  of  the  rivets  unequal  to  the  streno-tli 
of  the  double  plates,  they  were  afterwards  increased  from  half  an  inch 
to  five-eighths  of  an  inch  in  diameter,  or  until  the  area  of  the  rivets 
approached  nearly  to  the  area  of  the  plates,  which  gave  the  required 
strength.  In  joints  of  this  description  it  will  be  found  that  the  resist- 
ing powers  of  the  rivets  is  nearly  equal  to  that  of  the  plates,  i.e.,  the 
resisting  power  of  the  rivet  is  to  that  of  the  plates  as  their  sectional 
areas  respectively.  This  is  an  agreement  w^ith  the  following  laws, 
which  have  been  deduced  from  ex])eriment: — 1st,  that  the  ultimate 
resistance  to  shearing,  in  any  bolt  or  rivet,  is  proportional  to  the  sec- 
tional area  of  the  bar  torn  asunder ;  and,  2d,  that  the  ultimate  resis- 
tance of  any  bar  to  a  shearing  strain  is  nearly  the  same  as  the  ultimate 
resistance  of  the  same  bar  to  a  direct  longitudinal  strain. 
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Particulars  of  the  /Steamer  Zouave. 

Hull  built  by  John  Engles.  Machinery  by  Morgan  Iron  Works, 
New  York.  Owners,  Sandford's  Independent  Line,  New  York  to 
Philadelphia. 

Hull.— Length  on  deck,  220  ft.  Breadth  of  beam  (molded),  30  ft.  8  ins.  Depth  of 
hold  to  spar  deck,  12  ft.  3  ins.  Frames,  molded,  14  ins., — sided,  6  ins., — 24  ins.  apart 
from  centres,  and  strapped  with  diagonal  and  double  laid  braces, 4xi  in.  One  indepen- 
dent steam  fire  and  bilge  pump.  One  bulkhead.  Promenade  deck  with  saloon,  cabin, 
and  state-rooms.  Draft  of  water  forward  and  aft,  6  ft.  6  ins.  Area  of  immersed  section  at 
load  draft  of  6  ft.  6  ins.,  175  sq.  ft.     Masts,  two — Rig,  Schooner.    Tonnage,  800  tons. 

Engines. — Vertical  beam.  Diameter  of  cylinder,  50  ins.  Length  of  stroke,  11  fl. 
Cut-off,  one-half. 
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DoiLKR— One— Return  Hucd.  Length  of  boiler,  27  ft.  Breadth  of  do.,  (front)  IH  ft. 
Ileiglit  of  do.  exclusive  of  steatn  rhininry,  II  ft.  3  inn.  Numl)er  of  furnaces,  two. 
IJreadih  of  do.,  f)  ft.  9^  iuH.  Iieiif;lh  of  grate  hars,  7  ft.  6  ins.  Number  of  (lues,  below, 
ten — *  ol  2v2j,  and  4  eaclj  of  15  and  17  ins. — above,  twenty — 10  each  of  8^  and  9^  ins. 
Lciifilh  of  (lues,  al)()ve,  20  ft.  8  ins.,  below,  14  ft.      Diameter  of  smoke  pipe,  .'i2  ins. 

Padih.k  U'liKKLS — Diameter  over-boards,  31  ft.  Length  of  l)ladcs,  7  It.  Depth  of  do., 
24  ins.      ISiimber  of  do.,  27. 

Date  of  trial,  November,  18G0.  C.  II.  H. 


For  tlie  Journal  of  the  Franklin  Iiistituto. 

Particulars  of  the  U.  /S.  Steamer  Seminole* 

Hull  built  by  United  States  Government.     Machinery  by  Morgan 
Iron  Works,  New  York. 

Hull.— Length  at  load  line,  200  ft.  Breadth  of  beam  (molded),  28  ft.  Depth  of 
hold  to  spar  deck,  14  ft.  Length  of  engine  room,  coal  bunkers,  &c.,  48  ft.  Two  bulk- 
heads. One  independent  steam  fire  and  bilge  pump.  Draft  of  water  forward  and  aft,  10  ft. 
Tonnage,  7.'i5  tons.  Area  of  immersed  section  at  load  draft  of  10  ft.,  264  sq.  ft.  Ca- 
pacity of  coal  bunkers,  220  tons.     Masts,  three — Rig,  Bark.     Speed  in  knots,  9. 

Engines. — Two,  horizontal  steeple.  Diameter  of  cylinders,  two  of  50  ins.  Length 
of  stroke,  2  ft.  6  ins.  Maximum  pressure  of  steam,  50  lbs.  Cut-off,  one-half.  Maxi- 
mum revolutions  at  above  pressure,  80. 

Boilers — Two,  and  one  donkey.  Vertical  tubular.  Length  of  boilers,  22  ft.  Breadth 
of  do.,  10  ft.  6  ins.  Height  of  do.  exclusive  of  steam  chimney,  10  ft.  3  ins.  Number  of 
furnaces.  12.  Breadth  of  do,,  3  ft.  Length  of  grate  bars,  5  ft.  6  ins.  Number  of  tubes, 
3685.  Liternal  diameter  do.,  2  ins.  Length  do.,  2  ft.  7^^  ins.  Diameter  of  smoke  pipe,  6  ft. 
Height  of  do.,  42  ft. 

Propeller. — Diameter  of  screw,  9  ft.  6  ins.  Pitch  of  do.,  18  ft.  Number  of  blades, 
two. 

Date  of  trial,  May,  1860.  C.  H.  H. 


For  the  Journal  of  the  Franklin  Institute. 

Particulars  of  the  Steamer  Neu)  Brunswick. 

Hull  built  by  John  Engles.  Machinery  by  Morgan  Iron  Works, 
New  York.  Owners,  International  Steam-ship  Company.  Intended 
service,  Portland  to  St.  Johns,  N.  B. 

Hull. — Length  on  deck,  224  ft.  Breadth  of  beam  (molded),  30  ft.  8  ins.  Depth  of 
hold  to  spar  deck,  12  ft.  Frames — molded,  14  ins. — sided,  6  ins. — apart  at  centres,  24  ins. 
and  strapped  with  diagonal  and  double  laid  braces,  4x2  i"«  Independent  steam  fire  and 
bilge  pumps.  Promenade  deck  with  saloon,  cabin,  and  state-rooms.  One  bulkhead. 
Draft  of  water,  forward  and  aft,  6  ft.  6  ins.  Tonnage,  815  tons.  Area  of  immersed  sec- 
tion at  draft  of  6  ft.  6  ins.,  175  sq.  ft.     Masts,  two — Rig,  Schooner. 

Engine. — Vertical  beam.  Diameter  of  cylinder,  48  ins.  Length  of  stroke,  11  ft. 
Cut-otf,  variable. 

Boiler — One — Return  flued.  Length  of  boiler,  26  ft.  2  ins.  Breadth,  front,  13  iu 
Height,  exclusive  of  steam  chimney,  11  ft.  65  ins.  Number  of  furnaces,  two.  Breadth 
do.,  5  ft.  92  ins.  Length  of  grate  bars,  7  ft.  6  ins.  Number  of  flues,  above,  6,  below, 
10.     Internal  diameter  of  flues,  above,  1  ft.  5  ins.,  below,  2  of  22^  ins.,  and  four  each  of 
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If)  and  17  ins.    Lcnpth  of  Ihu-s,  al»i)vi\  IS  foot  C>^  ins.,  below,  i:J  firt  2  inH.    Diameter  o' 
smoke  pipe,  4  feet  4  ins. 

I'addi.k    WiiKKi.s. —  Diameter,  over  boards,  31  feet.     Length  of  blades,  7  feet.    Dentil 
lo.,  «~  ms.     ^snnjbtT  do.,  '27. 

Date  of  trial,  October,  1800.  C.  II.  11. 


Ti:in!<l;ito(l  for  tho  .Tournal  of  (he  Franklin  Inotituto. 

On  the  Ulastic  Force  of  Vapors.     I>y  M.  V.  Regnault. 

"  I  presented  to  the  Academy,  in  August,  1854,  the  principal  re- 
Hilts  of  the  experiments  Avhich  I  iiad  made  to  determine  the  laws  Avliich 
?xist  between  the  elastic  forces  of  vapors  and  the  temperatures  to  which 
^hey  are  subjected.  This  work  is  a  portion  of  a  long  series  of  investi- 
gations, the  lirst  part  of  which  was  ])ul)lished  in  1845,*  the  principal 
)bject  of  which  is  to  collect  the  physical  elements  necessary  to  calcu- 
ate  the  theoretical  work  which  can  be  obtained  from  a  substance,  either 
w-hen  it  is  transformed  into  an  elastic  fluid  by  means  of  a  known  quan- 
;ity  of  heat,  or  when  the  elastic  fluid,  losing  a  certain  quantity  of  heat, 
levelops  a  known  moving  power,  either  in  resuming  the  liquid  state 
IS  in  the  condensing  steam  engine,  or  simply  in  increasing  in  volume, 
IS  occurs  in  high  pressure  steam  engines  and  in  hot-air  engines. 

**  The  law  which  connects  the  elastic  forces  of  gases  and  vapors  with 
:heir  temperature  necessarily  plays  an  important  part  in  this  general 
question.  Moreover,  it  appears  that  it  ought  to  be  one  of  the  simplest 
)f  the  theory  of  heat,  because  it  depends  only  upon  two  elements 
ft'hich  are  clearly  defined  and  susceptible  of  precise  determination, 
:he  temperatures  and  the  pressures  which  the  elastic  forces  balance. 

"  This  announcement  will  explain  the  interest  which  I  attached  to 
m  investigation  of  this  sort,  and  the  perseverance  with  which  I  col- 
ected  its  elements.  In  fact,  my  work  extends  from  gases  which  have 
3een  liquefied  by  compression,  to  substances,  such  as  mercury  and 
sulphur,  whose  boiling-points  are  not  so  high  but  that  they  may  be  kept 
n  ebullition,  under  high  pressures,  in  apparatus  which  can  now  be 
constructed. 

"  The  Memoir  which  includes  the  whole  of  these  observations  has 
3een  printed  for  several  years ;  it  forms  a  part  of  vol.  xxvi,  of  the 
Memoirs  of  the  Academy.  The  publication  has  been  delayed  by  cir- 
cumstances beyond  my  control,  and  particularly  by  the  necessity  of 
nyself  tracing  upon  the  plate,  as  I  did  for  steam  [Memoirs  of  the 
Academy^  vol.  xxi,)  the  points  determined  by  each  separate  experi- 
nent,  and  the  curves  which  exhibit  their  connexion. 

''  This  Memoir,  as  I  announced  in  1854  (Comptes  Rendus,  vol.  xxxix, 
Dp.  301,  345,  397),  is  divided  into  five  parts  : 

"  1st.  The  first  includes  my  examinations  into  the  elastic  forces  of 
saturated  vapors  through  a  great  range  of  temperatures. 

"  2d.  The  second  treats  of  the  elastic  forces  of  vapors  emitted  by 
saline  solutions,  and  of  their  boiling-point  under  different  pressures. 

*  See  Journ.  Frank.  Inst.,  present  scries,  toIs.  xv,  xvi,  and  xvii. 
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*'  .^(1.  In  the  third,  I  study  the  chistic  forces  of  these  same  vapors 
in  tlie  air  and  in  other  ;fases. 

"4th.  Tlic  fourth  treats  of  the  elastic  forces  of  vapors  from  two 
volatile  liquids,  cither  dissolved  in  one  another,  or  simply  supeiposed 
■when  they  exercise  no  mutual  dissolving  action. 

*'  5th.  Finally,  in  the  tilth,  I  endeavor  to  determine  Avhether  the 
solid  or  li(juid  state  of  the  same  body  exercises  any  influence  for  the 
same  temi)eraturc  over  the  elastic  force  of  the  vapor  which  it  emits. 

"  1  shall  not  here  nr^ain  allude  to  the  last  four  parts  of  the  Memoir; 
the  general  conclusions  wliich  I  thou<^'lit  could  he  drawn  from  my  ex- 
periments appear  to  be  sufficiently  expressed  in  the  Comptes  Ilendus 
of  1854.  I  ask  of  the  Academy  only  the  permission  to  give  it  some 
developments  of  the  first  part,  that  which  treats  of  the  elastic  forces 
of  saturated  vapors  in  vacuo,  of  which  I  could  cite  but  a  few  examples 
in  my  communication  in  1854. 

"  The  various  apparatus  which  I  nscd  in  these  researches  are  de- 
scribed in  the  Memoir ;  I  shall  not  dwell  upon  them  ;  remarking  only 
that  they  are  referable  to  two  different  methods. 

*'  The  first,  which  I  call  the  statical  method,  consists  in  determining 
the  pressure  which  equilibriates  the  elastic  force  of  the  vapor,  at  rest, 
which  a  liquid  in  excess  emits  at  various  temperatures.  In  the  second 
method,  which  I  call  the  dynamical  method,  the  vapor  is  always  in 
motion,  and  we  determine  the  temperature  of  the  vapor  which  the 
liquid  continually  emits  when  boiling  under  different  pressures. 

*'  These  two  methods  give  results  which  are  identical : 

"  1st.  When  the  liquid  is  perfectly  homogeneous.  It  is  not  so  "when 
it  is  impure :  the  presence  of  the  smallest  quantit}^  of  a  volatile  fo- 
reign body  shows  itself  immediately  by  the  non-superposition  of  the 
two  graphical  curves  belonging  to  the  two  methods. 

"  2d.  When  the  liquid  has  not  a  great  molecular  attraction.  In  the 
opposite  case  the  liquid  boils  intermittently  with  violent  starts,  and 
the  determinations  by  the  dynamical  method  become  very  uncertain. 

"The  two  methods  could  be  successfully  applied  to  the  greater  part 
of  the  volatile  substances  which  were  submitted  to  my  experiments,  and 
they  have  enabled  me  to  determine  their  elastic  forces  from  the  low- 
est temperatures  up  to  those  which  correspond  to  pressures  of  from 
12  to  15  atmospheres.  The  greatest  part  of  the  gases  liquified  by 
pressure  give  liquids  which  possess  great  molecular  attraction  and  re- 
sist ebullition  notwithstanding  their  extreme  mobility.  Their  elastic 
forces  can  only  be  certainly  determined  by  the  statical  method.  W'hen 
•we  wish  to  apply  the  dynamic  method,  the  thermometer  cannot  be 
phiced  in  the  vapor  of  the  boiling  liquid  unless  the  boiling-point  is 
above  the  temperature  of  the  surrounding  air ;  for  if  it  be  inferior, 
the  vapor  may  become  overheated,  and  the  indications  of  the  thermo- 
meter will  be  wrong.  If  the  thermometer  is  placed  in  the  boiling 
liquid,  it  does  not  show  a  constant  temperature  during  ebullition,  al- 
though the  pressure  remains  the  same.  The  indications  of  the  ther- 
mometer change  much  according  to  the  manner  in  which  the  beat  is 
applied.     The  boiling  is  not  continuous  ;  it  takes  place  with  violent 
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KU'lvs,  "wliich  are  atttMidcvl  ])y  a  slinrp  noiso  like  tliat  of  tlio  wator- 
iiHimer  Avlieii  it  is  siulilcnly  inverted.  These  efVeets  vary  imieli  uitli 
le  pressure  under  which  the  boilin*;  takes  place.  Certain  li(jui(ls  j)re- 
'nt  them  even  under  pressures  below  tiiat  of  the  atmosj)here  ;  in 
;lievs  they  appear  only  under  hi^h  pressures. 

**  The  limits  to  whieh  1  am  ol)li;:;ed  to  confine  myself  in  this  rfsumey 
)  not  allow  me  to  state  the  individual  observations  which  1  have  mado 
1  each  substance,  nor  even  to  explain  the  method  of  graphical  con- 
ruction,  nor  the  formuhvi  of  interpolation  by  which  1  endeavored  to 
q^-ess  the  results  of  my  experiments  in  the  best  way.  I  will  remark 
ily,  that  of  all  the  modes  of  interpolation  which  were  successively 
ied,  the  formula  l)y  exponential  series,  pro))osed  by  De  Prony  and 
iplied  by  M.  JJiot,  to  the  vapor  of  water  under  the  form 

Log.  Y  =  a-\-  ha^-\-  cet 

the  one  which  applied  most  exactly  to  all  the  substances  studied, 
his  formula  has,  besides  the  advantage  of  containing  five  constants, 
r  the  determination  of  which,  five  points  of  the  graphic  curve,  hav- 
g  equidistant  abscissixj,  may  be  selected,  so  that  the  curve  represent- 
l  by  the  formula;  can  vary  but  very  little  from  the  curve  traced 
irough  the  intermediate  points.  Moreover,  I  show  in  my  Memoir 
lat  for  a  great  number  of  the  substances  studied,  we  may,  by  a  con- 
mient  adjustment  of  the  fixed  points  whicli  serve  to  calculate  the 
)nstants,  without  sensibly  departing  from  the  data  of  direct  observa- 
on,  calculate  a  formula  with  two  exponentials 

Log.  Y  ~a-\-ha'  -{-  cq\ 

which  the  term  c^^  introduces  only  quantities  less  than  the  errors 
'  observation,  so  that  it  may  be  reduced  to  the  more  simple  one, 

Log.  F  =  a  4-  ^  a'. 

^'  This  consideration  and  the  great  resemblance  which  the  curves 
aced  for  the  diflferent  substances  have  to  each  other,  when  the  ordi- 

F 

ite  is  taken  equal  to    ^  .^  ,  leads  me  to  think  that  the  law  of  the 

astic  forces  and  temperatures  would  present  itself  under  a  very  simple 
rm,  if  for  the  variable  independent  we  should  assume  not  the  tem- 
jrature  as  we  define  it  in  an  entirely  arbitrary  manner,  but  another 
ement  which  should  be  immediately  connected  with  the  constitution 

each  body,  and  whose  origin  should  be  fixed  for  each  one  of  them. 

^'  I  have  in  the  following  tables  presented  the  elastic  forces  of  the 
fferent  vapors,  calculated  for  temperatures  varying  by  5°,  according 

the  formulae  which  I  calculated  from  my  experiments.  The  tem- 
?ratures  are  those  of  the  mercurial  thermometer  which  I  used.  In 
y  Memoir,  I  also  give  the  corresponding  temperatures  taken  by  the 
r  thermometer.  The  reduction  of  the  temperatures  from  the  mer- 
irial  to  the  air  thermometer  was  determined  by  especial  experiments. 
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TABLE  No.  1. 

Liquids  of  Mean  Volatility.     13oimno-Point  nETWEEN 
14°  AND   150°  Cent. 


1 

SULI'HURET  1 

1 

OHLOIMDE  own 

ALCOUOL. 

ether. 

OF 
CAIinON. 

UIILOUOFORMI 

IJENZINE. 

CARRON. 

I-/  O    l^  1  Q  . 

T. 

1'^     1 

1 

F. 

F. 

F. 

F. 

F. 

o 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

—  25 

2,37 

—  20 

3.34 

67.49 

43,48 

4,94 

—  15 

4,69 

8  7. HI) 

00,91 

8,«i2 

—  10 

6,58 

113,35  I 

81.01 

13,36 

—  5 

9,21 

144.82 

104.40 

19,30 

0 

12,83 

183,34 

131,98 

26,62 

30,55 

+   ^ 

17,73 

230, 1 1 

164,53 

35,60 

40,09 

10 

24.30 

286,40 

203,00 

46,59 

52,08 

15 

33,02 

353,62 

248.40 

60,02 

67,09 

20 

44,48 

433,26 

301,78 

160,47 

76,34 

85,49 

25 

59,35 

526,93 

364.24 

199,40 

96,09 

107,94 

30 

78,49 

636,33 

436,97 

245,91 

119,89 

135,12 

35 

102,87 

763.27 

.521,36 

301,13 

148,37 

167,73 

40 

133,64 

909,59 

616,99 

366,20 

182,27 

206,51 

45 

172,14 

1077,22 

729,72 

442,37 

222,37 

252,31 

50 

219,88 

1271,12 

856,71 

530,96 

269,51 

305.39 

55 

278,61 

1484,59 

1000,87 

633,36 

324,61 

367,68 

60 

3.50,26 

1728,52 

1163,73 

751,01 

388,62 

439.66 

65 

436,99 

2002,13 

1346.86 

885,4  I 

462,57 

522,26 

70 

541,21 

2307,81 

1551,84 

1038,09 

547,51 

616,48 

75 

665,52 

2647,75 

1780.28 

1210,62 

644,59 

723,29 

80 

812,70 

3024,41 

2033,77 

1404,57 

756,63 

843,70 

85 

985,97 

3440,30 

2313,90 

1621,52 

879,55 

978,71 

90 

1188,43 

3898,05 

2622,23 

1863,12 

1019,96 

1129,04 

95 

1423,52 

4400,55 

2960,30 

2130,90 

1177,10 

1296,47 

100 

1694,92 

4950',81 

3329,54 

2426,52 

1352,27 

1481,19 

3  05 

2006,34 

5552,18 

3731,37 

2751,23 

1.546,59 

1684,45 

no 

2361,63 

6208,37 

4167,18 

3106,83 

1761,29 

1907,21 

115 

2764,74 

6923,55 

4638,14 

3494,69 

1997,48 

2150,47 

120 

3219,68 

7702,20 

5145,43 

3916,17 

2256,26 

2415,23 

125 

3730,41 

6690,08 

4372.73 

2538,66 

2702,54 

130 

4301,04 

6273,03 

4865.65 

2845,66 

3013,49 

135 

4935,40 

6895,06 

5396.23 

3178,18 

3349,28 

140 

5637,00 

7556,88 

5965,76 

3537,05 

3711,23 

145 

6410,62 

6575,41 

3923,00 

4100.81 

150 

7258.73 

7226,49 

4336,70 

4519.73 

1C5 

8185,02 

7920,19 

4778,69 

4969,97 

IfiO 

8657,72 

5249,43 

5453,88 

165 

9440,40 

5749,26 

5974,28 

170 

6278,40 

6534.58 

175 

6837,04 

7138.90 

180 

7425,66 

7792,33 

185 

8042,41 

8501,02 

190 

9272,67 

195 

10116,74 
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TABLE   No.   1   CConfmucd). 
LiQi'ins  OF  Mkan  Volatility.     Boilinu-Point  uktwekn 
11°  AND  150°  Cknt. 


CHLOnHYDRlC 

BROMnVDRIC 

lODOHYDRtC 

mrthylic 

ACETONB. 

KTIIKK. 

KTIIEU. 

KTUEU. 

alcohol. 

T. 

F. 

F. 

F. 

F. 

F. 

o 

mm. 

mm. 

mm. 

mm. 

mm. 

—  30 

110,24 

—  25 

145,01 

—  20 

187.55 

6,27 

—  15 

239,60 

9,29 

—  10 

302.09 

13,47 

—  5 

376,72 

19,17 

0 

465,18 

41.95 

20,82 

+   5 

569,32 

' 

64,14 

36.89 

10 

691,11 

69,20 

50,13 

15 

832,56 

87.64 

67,11 

20 

996,23 

380.30 

110,02 

88,67 

197,89 

25 

1184,17 

463,30 

136,95 

115.99 

226,27 

30 

1398,99 

559.81 

169,07 

149,99 

281,00 

35 

1643.24 

671,31 

207,09 

192,01 

345,15 

40 

1619.58 

799.35 

251.73 

243,51 

420,15 

45 

2230,71 

945,56 

303,77 

306,13 

507,52 

50 

2579,40 

1111,65 

364,00 

381,68 

602.86 

55 

2668,43 

1299.41 

433,21 

472.20 

725,95 

60 

3400,54 

1510.69 

512,25 

579,93 

860.48 

65 

3878.52 

1747,43 

707,33 

1014  32 

70 

4105.03 

2011.57 

857,10 

1189.38 

75 

4982,72 

2305,24 

1032,14 

1387,62 

80 

5614,11 

2630.45 

1238.47 

1611,05 

85 

6301.61 

2989,38 

1470.92 

1861,81 

90 

7047,51 

3384.22 

1741,67 

2141,66 

95 

7853.92 

3817,11 

2051,71 

2452,81 

100 

8722,76 

4290,33 

2405,15 

2797,27 

105 

4806,11 

2806,27 

3177,00 

110 

5366.67 

.3259.60 

3593,96 

115 

5974,26 

3769.80 

4050,02 

120 

6631,08 

4341,77 

4546,86 

125 

7339,33 

4980,55 

5086,25 

130 

8101,15 

5691,30 

5669,72 

135 

8918,64 

6479,32 

6298,68 

140 

9793,86 

7337,10 

6974,43 

145 

8308,87 

150 

9361,35 

21' 
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TABLK  No.  2. 
Liquids  Boiling  above  150°  Cent. 


ESSENCE  OF  TURPENTINE. 

ESSENCE    OF 

LEMON. 

METHVLOXALIC    ETHER. 

T.                     F. 

T. 

F. 

T. 

F. 

°                     mm. 

0 

mm. 

o 

mm. 

0                    2.07 

98,99 

69,80 

109.41 

117,26 

10                    2,94 

115,40 

129,39 

109,53 

117,4« 

20                    4,45 

115,10 

129,09 

125,98 

222,07 

30                     0,87 

124,85 

178,31 

126,06 

222,87 

40                   10,80 

125,03 

179,01 

136,45 

320,11 

50                   16,98 

137,00 

263,42 

145,14 

423,37 

60                  26,46 

147,35 

357,04 

155,70 

591,36 

70                  40,64 

155,52 

449.23 

164,30 

761,35 

80                  61,30 

165,08 

576,50 

188,92 

1589,81 

90                  90,61 

174,25 

748.67 

192,37 

1589,81 

100                131,11 

174,16 

749,69 

217,16 

2958,68 

110                 185,62 

201,60 

1439,68 

228,95 

3875.95 

120                257,21 

223,30 

2328,04 

237,16 

4849,72 

130                348,98 

236,65 

3213,49 

164,48 

763,48 

140                464,02 

239,70 

4374,42 

242,86 

4867,83 

150                605,20 

253,53 

6203,14 

155                686,37 

160                775,09 

165                871,27 

170                975,42 

175              1090,11 

180              1207,92 

185              1336,45 

190              1473,24 

195              1618,26 

200              1771,47 

• 

The  experiments  on  the  es- 

When  these 

experiments 

The  boiling 

of  methylox- 

sence  of  turpentine  -were  car- 

were   ended,  th 

B   essence   ol 

alio    ether   is 

pretty   steady 

ried  to  much   heavier   pres- 

lemon showed  the  same  boil- 

under   pressures    but     little 

sures,  but  I  judged  it  useless 

ing-point      at 

atmospheric 

above  that  of  the  atmosphere. 

to  transcribe  them  here,  be- 

pressure as  before,  but  it  had 

but  under  heavy  pressures  it 

cause  they  had  reference  only 

completely  lost 

its   power  of 

becomes  very 

irregular,  and 

to  an  essence  completely  mo- 

rotating polarizt 

;d  light. 

produces  violent  starts.           | 

dified  in  its  molecular   con- 

stitution.   I  have  in  my  Me- 

moir described  the  series  of 

researches  by  which  I  studied 

the    isomeric     modifications 

which  the   essence    success- 

ively undergoes  by  its  boiling 

under  various  pressures. 
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247 


TABLE  No.  3. 


1 

MKWCrUY. 

T. 

r. 

o 

mm.    ' 

0,0 

O.O'-iOO  1 

10 

0,(»2(>8 

20 

0,0372 

30 

0.0530 

40 

0.0767 

50 

0,1120 

GO 

0.1613 

70 

0.2110 

80 

0.3528 

90 

0,5142 

100 

0,7455 

110 

1,0734 

120 

1,5341 

130 

2.1752 

140 

3,0592 

150 

4,2664 

IGO 

5,9002 

170 

8,0912 

180 

11,00 

190 

14,84 

200 

19,90 

210 

26.35 

220 

34.70 

230 

45,35 

240 

58,82 

250 

75.75 

260 

96,73 

270 

123,01 

280 

155,17 

290 

194,46 

300 

242,15 

310 

299.69 

320 

368,73 

330 

450,91 

340 

548,35 

350 

663,18 

360 

797.74 

370 

954,65 

380 

1136,65 

390 

1346,71 

400 

1587,96 

410 

1863,73 

420 

2177,53 

430 

2533,01 

440 

2933,99 

450 

3384,35 

460 

3888,14 

470 

4449,45 

480 

5072,43 

490 

5761,32 

500 

6520,25 

510 

7353.44 

520 

8264,96 

i 

Kiiic  to  'I'lililr   3. 

"Tlic  tomporatuiTS  lioie  recorded  nro  tliosc 
of  the  nir-tlieriiiometer.  The  hoiliii*:;  of  the 
iiiereiiry  is  pretty  steady  under  pressures  be- 
h)\\  tlua  of  the  atmosphere.  At  the  atmo- 
spheric pressure  the  starts  be;^'in  ;  they  be- 
come more  and  more  violent  as  the  pressures 
augment,  and  under  the  pressure  of  10  atmo- 
spheres the  shocks  are  so  strong  as  to  pro- 
duce a  noise  as  loud  as  tliat  of  a  forge-ham- 
mer striking  upon  the  anvil.  The  aj)i>aratu3 
appeared  iii  danger  of  flying  in  pieces. 


TABLE  No.  4. 
Vert  Volatile  LiyciDS,  Liquefied  Gases. 


T. 


—78,2 
—40 

—  35 

—  30 

—  25 
—20 
—15 

—  10 

—  5 
0 

+  5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 


SULPHUROUS 
ACID. 


AMMONIA. 


SULPHYDRIC 
ACID. 


F. 

mm. 


373,79 

479,46 
607,90 
762.49 
946.90 
1165,06 
1421.14 
1719.55 
2064,90 
2462,05 
2915,97 
3431,80 
4014,78 
4670,23 
5403,52 
6220,01 
7125,02 
8123,80 
9221.40 


F. 

mm. 
157,95 

528,61 

684,19 

876,58 

11  12,12 

1397,74 

1740,91 

2149.52 

2632,25 

3162,87 

3851,47 

4612,19 

5479,96 

6467,00 

7581,16 

8832,20 

10144,00 

11776,42 


F. 

mm. 
441,43 


2808,57 
3508.02 
4273,01 
5090,18 
5945,00 
6822,74 
7709,27 
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*'  Tlio  condonsation  of  tlie  erases  was  cftectc'd  in  tlio  same  apparatus 
•Nvliicli  was  to  serve  for  the  dcteriiiination  of  the  elastic  forces,  and 
"Nvliich  was  so  arranf^ed  that  it  could  be  completely  purged  afterwards 
of  every  trace  of  air  or  other  gas  which  might  be  in  it.  The  lique- 
faction of  sulphurous  acid  was  easily  effected  un(ler  the  ordinary  pres- 
sure of  the  atni()s])here  when  the  ajjparatus  was  j)lunged  into  a  freez- 
ing mixture.  For  ammonia  and  sulphuretted  hydrogen,  the  apparatus 
"Nvas  plunged  into  a  mixture  of  ice  and  crystallized  chloride  of  calcium, 
and  the  gas  was  tlien  con)])ressed  by  a  hand-pump.  Only,  care  must 
be  taken  to  rej)lace  the  ordinary  grease  for  the  pump  by  fixed  non- 
saponifiable  oils.  A  pressure  of  2  or  3  atmospheres  is  sufficient  to 
li([uefy  as  much  ammonia  as  is  desired;  l)ut  for  sulphuretted  hydrogen 
the  j)ressure  must  be  carried  to  7  or  8  atmospheres. 

*'As  I  have  had  occasion  to  liquefy  these  gases  on  a  large  scale  for 
researches  of  which  I  will  soon  present  the  results  to  the  Academy, 
and  especially  for  the  determination  of  the  latent  heat  of  volatiliza- 
tion under  different  pressures  of  very  volatile  liquids,  and  for  the  ex- 
amination of  the  quantities  of  heat  which  their  vapors  absorb  during 
their  expansion,  I  will  here  briefly  indicate  the  process  which  I  em- 
ployed. 

'•I  prepare  carbonic  acid  gas  by  supplying  in  a  continuous  and  regu- 
lar stream,  properly-diluted  chlorhydric  acid  to  fragments  of  marble 
enclosed  in  a  very  large  glass  vessel.  The  solution  deprived  of  the 
acid  and  charged  Avith  chloride  of  calcium  flows  out  as  fast  as  it  forms ; 
the  carbonic  acid  gas  passes  over  to  a  gas  receiver  of  a  cubic  capacity 
of  1  cubic  metre.  A  condensing-pump  with  several  barrels,  moved 
by  my  steam  engine,  draws  the  gas  from  the  receiver,  and  having 
caused  it  to  pass  over  drying  materials,  it  forces  it  into  a  first  recipient 
of  3  or  4  litres  capacity  which  serves  only  as  a  regulator ;  thence,  the 
gas  passes  freely  into  the  apparatus  in  which  it  is  to  be  condensed, 
■which  is  buried  in  a  freezing  mixture  of  ice  and  crystallized  chloride 
of  calcium.  The  gas  which  does  not  condense,  passes  into  a  second 
closed  recipient  of  5  litres  capacity.  Into  this  last  vessel,  the  air  and 
other  more  condensable  gases  pass,  and  from  it  they  may  from  time 
to  time  be  discharged  by  opening  a  stop-cock. 

*'The  same  arrangement  will  serve  to  liquefy  large  quantities  of  prot- 
oxide of  nitrogen,  or  sulphuretted  hydrogen.  But  for  these  gases 
"which  are  easily  rendered  impure  by  contact  with  the  grease  and  pis- 
tons of  the  pump,  I  employ  a  peculiar  forcing-pump,  in  which  the  gas 
is  in  contact  only  with  mercury.  This  pump  is  composed  of  two  equal 
cast  iron  cylinders,  united  in  the  form  of  a  U.  The  first  cylinder  is 
turned,  and  contains  a  solid  piston  which,  in  its  movement,  acts  only 
on  a  quantity  of  mercury  which  fills  exactly  one  of  the  pump  cylin- 
ders. The  suction  and  compressing  (foot  and  head)  valves  are  attached 
to  the  second  cylinder.  It  will  be  seen  that  by  this  arrangement  the 
gas  never  comes  into  contact  with  the  piston  or  the  greasy  sides. 

*'  Liquid  ammonia  particularly  occupied  my  attention,  owing  to  its 
great  capacity  for  heat,  its  great  latent  heat  of  evaporation,  and  the 
ease  with  which  it  is  prepared  and  collected  after  it  has  assumed  the 
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gaseous  state.  I  determined  to  use  it  principally  for  obtaininfr  very 
stationary  low  temperatures  by  boiling  it  under  (liflVrcnt  pressures.  I 
prepare  tlie  ammonia  as  a  gas  by  passing  continuously  a  tbread  of  a 
concentrated  solution  of  ammonia  into  a  copper  tube  enclose<l  in  a 
small  boiler  containin;:  water  wbicli  is  kei)t  boiling  bv  a  jras-li«rht. 
The  ammonia  Hows  in  a  spiral  along  the  walls,  and  the  licpiid,  nearly 
deprived  of  ammonia,  escapes  by  a  tube  below,  which  enters  to  a  depth 
of  several  decimetres  into  the  liquid  which  has  previously  flowe<l  out. 

"  The  gaseous  ammonia,  sucked  by  tlie  pump,  traverses  several  cop- 
per recipients  filled  with  soda-lime.  The  pump  itself  regulates  tlio 
production  of  the  gas,  and  delivers  it  into  the  receiver,  which  is  buried 
in  a  freezing  mixture  of  ice  and  hydrated  chloride  of  calcium.  By 
means  of  this  arrangement  several  litres  (([uarts)  of  li^^uid  ammonia 
may  be  obtained  in  a  few  hours. 

'*  To  submit  an  apparatus  to  a  stationary  low  temperature,  it  is 
hermetically  adjusted  in  the  condenser,  and  the  li'juid  ammonia  is 
condensed  in  this  receiver  buried  in  a  freezing  mixture.  When  it 
is  sufficiently  filled  with  the  liquid,  the  freezing  mixture  is  removed 
and  the  receiver  placed  in  communication  with  one  of  my  large  air- 
reservoirs,  in  which  the  pressure  is  kept  rigorously  stationary,  either 
above  or  below  that  of  the  atmosphere. 

"  The  ammonia  thus  distils  under  pressures  as  light  as  are  desired, 
"which  are  easily  kept  perfectly  constant,  provided  the  ammoniacal  gas 
is  prevented  from  reaching  the  air-reservoir.  For  this  purpose,  in 
front  of  this  reservoir  is  placed  a  cylindrical  vessel  containing  pieces 
of  ice,  which,  as  they  liquefy,  almost  entirely  re-dissolve  the  ammo- 
nia ;  and  after  this,  another  cylinder  filled  with  large  pieces  of  pumice 
stone  soaked  with  acid. 

"  I  thus  hoped  to  obtain,  by  means  of  this  apparatus,  low  tempera- 
tures which  should  be  perfectly  stationary,  but  I  was  not  successful 
for  reasons  which  I  have  explained  before  (p.  242).  A  certain  amount 
of  steadiness  can  only  be  obtained  by  passing  a  continual  current  of 
small  bubbles  of  air  through  the  liquid  ammonia,  which  thus  continually 
stirs  up  the  liquid  and  destroys  its  viscosity.  An  air  thermometer  should 
be  placed  in  contact  with  the  apparatus  experimented  on,  and  plunged 
entirely  in  the  liquid  ammonia  ;  by  means  of  a  regulating  screw,  the 
current  or  air-bubbles  is  controlled  so  as  to  keep  the  thermometer  sta- 
tionary.— Comptes  Rendus  de  l Academic  des  Sciences  de  Paris,  11 
Juin.  1860. 


On  3Iicroscopic  Vision  and  a  neiv  Form  of  Microscope."^  By  Sir.  D. 

Brewster. 

In  studying  the  influence  of  aperture  on  the  images  of  bodies  as 
formed  in  the  camera,  by  lenses  or  mn*rors,  it  occurred  to  me  that  in 
microscopic  vision  it  might  exercise  a  still  more  injurious  influence. 
Opticians  have  recently  exerted  their  skill  in  producing  achromatic 
object-glasses  for  the  microscope  with  large  angles  of  aperture.  In 
1848  the  late  distinguished  optician,  Mr.  Andrew  Ross,  asserted  "that 
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135°  was  the  largest  angular  j)encil  that  could  be  passed  throuf^li  a 
microscopic  o])ject-glass,"  and  yet  in  1855  lie  had  increased  it  to  170°, 
-while  some  observers  speak  of  angular  apertures  of  175°.  In  consid- 
ering the  inlluence  of  aperture,  "we  shall  suppose  that  an  achromatic 
object-glass  with  an  angle  of  aperture  of  170°  is  o})tically  perfect,  re- 
presenting every  object  without  color  and  without  spherical  aberra- 
tion;  when  the  microsc()])ic  object  is  a  cube,  we  shall  sec  five  of  its 
faces,  and  when  it  is  a  sphere  or  a  cylinder,  we  shall  see  nine-tenths 
or  more  of  its  circutnference.  How,  then,  does  it  ha})pen  that  large 
apertures  exhibit  objects  which  are  not  seen  when  small  apertures  with 
the  same  focal  length  are  em[)loyed  ?  This  superiority  is  particularly 
shown  with  test  objects  marked  with  grooves  or  ridges  and  obliquely 
illuminated.  The  marginal  part  of  the  lens  will  enlarge  the  grooves 
and  ridges,  and  they  will  thus  be  rendered  visible,  not  because  they 
are  seen  more  distinctly,  but  because  they  are  expanded  by  the  combi- 
nation of  their  incoincident  images.  Hence  we  have  an  explanation 
of  the  fact — well  known  to  all  who  use  the  microscope — that  objects 
are  seen  more  distinctly  with  object-glasses  of  small  angular  aperture. 
In  the  one  case  we  have,  with  the  same  magnifying  power,  not  only 
an  enlarged  and  indistinct  image  of  objects,  but  a  false  representation 
of  them,  from  which  their  true  structure  cannot  be  discovered;  while 
in  the  other  we  have  a  smaller  and  distinct  image,  and  a  more  correct 
representation  of  the  object.  But  these  are  not  the  only  objections  to 
large  angular  apertures  and  short  focal  lengths.  1.  In  the  first  place, 
it  is  extremely  difficult  to  illuminate  objects  when  so  close  to  the  ob- 
ject-glass. 2.  There  is  a  great  loss  of  light,  from  its  oblique  incidence 
on  the  surface  of  the  first  lens.  3.  The  surface  of  glass, — with  the 
most  perfect  polish, — must  be  covered  with  minute  pores,  produced  by 
the  attrition  of  the  polishing  powder  ;  and  light,  falling  upon  the  sides 
of  these  pores  with  extreme  obliquity,  must  not  only  suffer  difii-action, 
but  be  refracted  less  perfectly  than  when  incident  at  a  less  angle. 
4.  When  the  object  is  almost  in  contact  with  the  anterior  lens,  the 
microscope  is  wholly  unfit  for  researches  in  which  mechanical  or  che- 
mical operations  are  required,  and  also  for  the  examination  of  objects 
inclosed  in  minerals  or  other  transparent  bodies.  5.  In  object-glasses 
now  in  use,  the  rays  of  light  must  pass  through  a  great  thickness  of 
glass  of  doubtless  homogeneity.  It  is  a  question  yet  to  be  solved 
whether  or  not,  a  substance  can  be  truly  transparent,  in  which  the 
elements  are  not  united  in  definite  proportion  ;  in  which  the  substances 
combined  have  very  difierent  refractive  and  dispersive  powers;  and 
in  which  the  particles  are  so  loosely  united  that  they  separate  from 
one  another,  as  in  the  various  kinds  of  decomposition  to  which  glass  is 
liable.  If  the  best  microscopes  are  affected  by  these  sources  of  error, 
every  exertion  should  be  made  to  diminish  or  remove  them.  1.  The 
first  step,  we  conceive,  is,  to  abandon  large  apertures,  and  to  use  ob- 
ject-glasses of  moderate  focal  length,  obtaining  at  the  eye-glass  any 
additional  magnifying  power  that  may  be  required.  2.  In  order  to 
obtain  a  better  illumination,  either  by  light  incident  vertically  or  ob- 
liquely, a  new  form  of  the  microscope  would  be  advantageous.   In  place 
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of  directinrr  the  microscope  to  the  object  itself,  placed  as  it  now  Is,  al- 
most touching;  the  objcct-^lass,  lot  it  he  directed  to  an  iina^re  of  the 
object,  fonned  by  the  tbiniu'st  aclironiatic  lens,  of  siu-li  a  focal  l('n;rth 
that  the  obioct  niav  be  an  inch  or  more  from  the  lens,  and  its  iinaire 
equal  to,  or  greater,  or  less  than  the  object.  In  tliis  way  the  observer 
will  be  abk'  to  ilhiniinate  the  object,  wbcther  opa(j\ie  or  transparent, 
and  may  subject  it  to  any  ex))erin)ents  be  may  desire  to  make  upon  it. 
It  may  thus  be  studied  without  a  eoverini;  of  glass,  and  when  its  ])art8 
are  developed,  by  immersion  in  a  fluid,  tj.  The  sources  of  error  arising 
from  the  want  of  perfect  polish  and  perfect  homogeneity  of  the  glass 
of  which  the  lenses  are  composed,  are,  to  some  extent,  hypotlietical ; 
but  there  are  reasons  for  believing, — and  these  reasons  corroborated 
by  facts, — that  a  body  whose  ingredients  are  united  by  fusion,  and 
kept  in  a  state  of  constraint  from  whicli  tliey  are  striving  to  get  free, 
cannot  possess  that  homogeneity  of  structure,  or  that  perfection  of 
polish,  which  will  allow  the  rays  of  light  to  be  refracted  and  trans- 
mitted without  injurious  modification.  If  glass  is  to  be  used  for  the 
lenses  of  microscopes,  long  and  careful  annealing  should  be  adopted, 
and  the  polishing  process  should  be  continued  long  after  it  appears 
perfect  to  the  optician.  We  believe,  however,  that  the  time  is  not  dis- 
tant when  transparent  minerals,  in  which  their  elements  are  united  in 
definite  proportions,  will  be  substituted  for  glass.  Diamond,  topaz, 
and  rock  crystal  are  those  which  appear  best  suited  for  lenses.  The 
white  topaz  of  New  Holland  is  particularly  fitted  for  optical  purposes, 
as  its  double  refractions  may  be  removed  by  cutting  it  in  plates  per- 
pendicular to  one  of  its  optical  axes.  In  rock  crystal  the  structure  is, 
generally  speaking,  less  perfect  along  the  axis  of  double  refraction 
than  in  any  other  direction,  but  this  imperfection  does  not  exist  in 
topaz. — Prof.  Stokes  and  Mr.  Stoney  suggested  some  modifications 
of  Sir  David  Brewster's  theoretic  views  ;  and  a  member  of  the  Section 
whose  name  we  did  not  catch,  stated  that  several  attempts  had  been 
made  to  form  an  image  of  objects  more  removed  from  the  first  or  object- 
glass  of  the  microscope  than  at  psesent,  by  using  an  additional  lens, 
but  hitherto  without  success. — Proc.  Brit.  Assoc,  1860. 


On  some  Optical  Illusions  connected  with  the  Inverson  of  Perspective."^ 

By  Sir  D.  Brewster. 

The  term  "Inversion  of  Perspective  "  has  been  applied  to  a  class  of 
optical  illusions,  well  known  and  easily  explained,  in  which  depressions 
are  turned,  into  elevations,  and  elevations  into  depressions.  One  of 
the  most  remarkable  cases  of  this  kind,  which  has  net  yet  been  ex- 
plained, presented  itself  to  the  late  Lady  Georgiana  Wolf,  and  has 
been  recorded  by  her  husband.  Dr.  AVolf.  When  she  was  riding  on  a 
sand-beach  in  Egypt,  all  the  foot-prints  of  horses  appeared  as  eleva- 
tions, ia  place  of  depressions,  in  the  sand.     No  particulars  are  men- 
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tioncd,  in  reference  to  tlic  place  of  the  sun,  or  tlie  nature  of  tlic  sur- 
roundin;:;  ol)jccts,  to  enaMu  us  to  form  any  conjecture  respecting  the 
cause  of  this  phenomenon.  Having  often  tried  to  sec  tliis  ilhision,  I 
Avas  some  time  ago  so  fortunate  as  not  only  to  observe  it  myself,  but 
to  show  it  to  othei's.  In  walking  along  the  "west  sands  of  St.  /Vndrew's, 
the  foot-prints,  both  of  men  and  of  horses,  appeared  as  elevations. 
In  a  short  time  they  sank  into  depressions,  and  subse({uently  rose  into 
elevations.  1'he  sun  Avas  at  this  time  not  very  far  from  the  horizon, 
on  the  right  hand  ;  and  on  the  left  there  were  large  waves  of  the  sea 
breaking  into  very  bright  foam.  Tlie  only  explanation  which  occurred 
to  me  was,  that  the  illusion  appeared  when  the  observer  supposed  that 
the  foot-i)rints  Avcre  illuminated  with  the  light  of  the  breakers,  and  not 
by  the  sun.  Having,  however,  more  recently  observed  the  phenome- 
non, when  the  sun  was  very  high  on  the  right,  and  the  breakers  on 
the  left  very  distant,  and  consequently  very  faint,  I  could  not  consi- 
der the  preceding  explanation  as  well  founded.  Upon  attending  to 
the  circumstances  under  which  they  were  now  seen,  I  observed  that 
the  human  foot-prints  were  all  covered  with  dry  sand  that  had  been 
blown  into  them,  so  that  they  were  much  brighter  than  the  surround- 
ing sand,  and  the  dark  side  of  the  impression  next  the  sun;  and  hence 
it  is  probable  that  they  appeared  to  be  nearer  the  eye  than  the  dark 
sand  in  which  they  were  formed,  and  consequently  elevations.  After 
repeated  examinations  of  them,  I  found  the  foot-prints  appeared  as 
elevations  as  far  as  the  eye  could  see  them  ;  and  they  were  equally 
Tisible  with  one  or  both  eyes.  But  whenever  the  eye  rested  for  a 
little  while  on  the  nearest  foot-print,  it  resumed  its  natural  concavity. 
I  have  observed  other  illusions  of  this  kind  which  are  more  easily 
explained,  though  they  differ  from  any  hitherto  described.  In  the 
Church  of  Sant'  Agostino  in  Rome,  there  is  above  each  arch  a  paint- 
ed festoon  suspended  on  two  short  pillars ;  but,  instead  of  appearing 
in  relief,  as  the  painter  intended  by  shading  one  side  of  them,  they 
appeared  concave  like  an  intaglio.  In  other  positions  in  the  church 
they  rose  into  relief.  Upon  a  subsequent  visit  to  the  church,  I  found 
that  the  festoon  or  suspended  wreath  was  concave  when  it  w^as  illumi- 
nated— or  rather  when  the  observer  saw  that  it  was  illuminated — by 
a  window  beneath  it,  and  in  relief  when  the  eye  saw  that  it  was  illu- 
minated by  a  window  above  it,  the  object  being  similarly  illuminated 
in  both  cases.  In  the  common  cases  of  inverted  perspective,  the  eye 
is  deceived  by  looking  at  the  inversion  of  the  shadow  in  the  cameo  or 
intaglio  itself;  but  in  the  present  case  the  eye  is  deceived  by  per- 
ceiving that  the  body-painting,  supposed  to  be  in  relief,  is  illuminated 
by  a  light  either  above  or  below  it.  An  optical  illusion  of  a  different 
kind  presented  itself  to  me  in  the  Church  of  Santa  Giustina  at  Padua. 
Upon  entering  the  church  we  see  three  cupolas.  The  one  beneath 
■which  we  stood  appeared  very  shallow;  the  next  appeared  much  deep- 
er, and  the  third  deeper  still.  They  were  all,  however,  of  the  same 
depth,  as  we  ascertained  by  placing  ourselves  under  each  in  succes- 
sion, and  observing  that  it  was  always  the  shallowest. 
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4  Course  of  Lectures^  con8l8tin(j  of  lUust  rat  Ions  of  the  Various  Forces 
of  Matter^  i.e.  of  such  as  arc  called  t/ic  Physical  or  Inorganic  Forces,"*^ 
By  M.  Faraday,  D.C.L.,  F.ll.S. 

Lecturk  IV.  (Jan.  5,  1<SG0.) — Chemical  Ajfinitij. — Ifcat. 
Wc  sliall  have  to  pay  a  little  more  attention  to  the  forees  existin;]^  in 
sater  hetore  we  can  have  a  clear  idea  on  the  sul) jcct.  Besides  tlie  attrac- 
ion  which  there  is  between  its  particles  to  make  it  hold  tofrether  as  a 
i(i[uid  or  a  solid,  there  is  also  another  force,  different  from  the  former; 
—one  which,  by  means  of  the  voltaic  battery,  we  yesterday  overcame, 
[rawing  from  the  water  two  different  substances,  which,  when  heated 
»y  means  of  the  electric  spark,  attracted  each  other,  and  rushed  into 
ombination  to  reproduce  water.  Now,  the  best  thing  I  can  do  to-day 
s  to  continue  this  subject,  and  trace  the  various  phenomena  of  cliemi- 
al  affinity;  and  for  this  purpose,  as  we  yesterday  considered  the  cha- 
acter  of  oxygen,  of  which  I  have  here  two  jars  (oxygen  being  those 
•articles  derived  from  the  water  which  enable  other  bodies  to  burn), 
re  will  now  consider  the  other  constituent  of  water,  and  without  em- 
larrassing  you  too  much  with  the  way  in  which  these  things  are  made, 
will  proceed  now  to  show  you  our  common  way  of  making  hydrogen, 
I  called  it  hydrogen  yesterday — it  is  so  called  because  it  helps  to  gen- 
rate  water. )f  I  put  into  this  retort  some  zinc,  water,  and  oil  of  vit- 
iol,  and  immediately  an  action  takes  place  which  produces  an  abun- 
dant evolution  of  gas  now  coming  over  into  this  jar,  and  bubbling  up 
ti  appearance  exactly  like  the  oxygen  we  obtained  yesterday. 

Fig.  1. 

1 


The  processes,  you  see,  are  very  different,  though  the  result  is  the 
ame  in  so  far  as  it  gives  us  certain  gaseous  particles.  Here,  then,  is 
lie  hydrogen ;  I  showed  you  yesterday  certain  qualities  of  this  gas, 
ow  let  me  show  you  some  other  qualities.  It  is  a  combustible  sub- 
tance,  not  like  the  oxygen  which  is  a  supporter  of  combustion  although 
;  will  not  burn.  There  is  a  jar  full  of  it,  and  if  I  carry  it  along  in  this 
lanner  and  put  a  light  to  it,  I  think  you  will  see  it  take  fire,  not  with 

bright  light, — you  will,  at  all  events,  hear  it  if  you  do  not  see  it. 
fow,  that  is  a  body  entirely  different  from  oxygen ;  it  is  extremely 
ght ;  for  although  you  yesterday  saw  twice  as  much  of  this  hydrogen 
reduced  on  the  one  side  as  the  other,  by  the  voltaic  battery,  it  was 
nly  one-eighth  the  weight  of  the  oxygen.     I  carry  this  jar  upside 
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'^     Bccauso  1  know  tliiit  it  is  a  very  li^lit  body,  and  tliat 


down.      >vny 

it  will  continue  in  this  jar  upside  down  quite  as  eft'ectually  as  the  water 
will  in  tliat  jar  wliieli  is  not  upside  down  ;  and  just  as  I  can  pour  watei 
from  one  vessel  into  another  in  the  ri<^ht  j)osition  to  receive  it,  so  can 
Fijr.  2.  I  pour  this  ^as  iVoni  one  jar  into  another  Avhen 

they  are  upside  down.  See  what  I  am  about  to 
do, — there  is  no  liydrogen  in  this  jar  at  present, 
but  I  will  gently  turn  this  jar  of  hydrogen  up 
under  this  other  jar  (Fig.  2)  and  then  we  will 
examine  the  two.  We  shall  see,  on  n])plying  a 
light,  that  the  hydrogen  has  left  the  jar  in  which 
it  was  at  first,  and  has  poured  upwards  into  the 
^^''  other,  and  there  we  shall  find  it. 
You  now  understand  that  ^ve  can  have  particles  of  very  different 
kinds,  and  that  they  can  have  different  bulks  and  weights;  and  there 
are  two  or  three  very  interesting  experiments  which  serve  to  illustrate 
this.  For  instance,  if  I  blow  soap  bubbles  with  the  breath  from  my 
mouth  ycu  will  see  them  fall,  because  I  fill  them  with  common  air,  and 
the  water  which  forms  the  bubble  carries  it  down.  But  now  if  I  in- 
hale hydrogen  gas  into  my  lungs  (it  does  no  harm  to  the  lungs,  al- 
though it  does  no  good  to  them),  see  what  happens.  [The  Lecturer 
inhaled  j-  ome  hydrogen,  and  after  cne  or  two  ineffectual  attempts,  suc- 
ceeded in  blowing  a  splendid  bubble,  wdiich  rose  majestically  and  slowly 
to  the  ceiling  of  the  theatre,  where  it  burst.]  ^  That  shows  you  very 

■well  how  light  a  substance  this  is; 
for  notwithstanding  all  the  heavy 
bad  air  from  my  lungs,  and  the 
weight  of  the  bubble,  you  saw  how 
PLATINUM  it  was  carried  up.  I  want  you 
now  to  consider  this  phenomenon 
of  weight  as  indicating  how  ex- 
ceedingly different  particles  are 
one  from  the  other ;  and  I  will 
take  as  illustrations  these  very 
common  things,  air,  water,  the 
heaviest  body-platinum-and  this 
gas,  and  observe  how  they  dififer 
in  this  respect;  for  if  I  take  a 
piece  of  platinum  of  that  size  (Fig. 
3)  it  is  equal  to  the  weight  of  portions  of  water,  air,  and  hydrogen  of 
the  bulks  I  have  represented  in  these  spheres ;  and  this  illustration 
gives  you  a  very  good  idea  of  the  extraordinary  difference  with  regard 
to  the  gravity  of  the  articles  having  this  enormous  difference  in  bulk. 
[The  following  tabular  statement  having  reference  to  this  illustration 
appeared  on  the  diagram  board.] 


Fisr.  3. 
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Hydrogen,             .                 .                             1 

Air, 

14-4 

1 

Water, 

11943 

829 

1 

Platinum,     ,                  .                            256774 

17831 
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Whenever  oxygen  and  hy(lro<^en  unite  together  they  produce  water, 
ind  you  li;ive  seen  the  extraordinary  difT'crcnc-e  hetwccn  the  hulk  and 
ippt'arance  of  the  water  so  jiroduced  and  the  particles  of  which  it  con- 
sists eheuiieally.  Now  we  have  never  yet  been  able  to  reihicc  either 
)xygen  or  hydrogen  to  the  licpiid  state;  and  yet  their  first  impulse 
vhcH  eheuiieally  combined  is  to  take  up  first  this  li(juid  condition  and 
hen  the  solid  condition.  We  never  combine  these  difTerent  ))arti('le3 
ogether  without  producing  water  ;  and  it  is  curious  to  think  how  often 
^'ou  must  have  made  the  experiment  of  combining  oxygen  and  liych'O- 
IQW  to  form  water  without  knowiiii'  it.  Take  a  candle,  for  instance,  and 
L  clean  silver  spoon  (or  a  piece  of  clean  tin  will  Fig.  4. 

lo),  and  if  you  hold  it  over  the  flame  you  imme- 
liately  cover  it  with  a  dew — not  a  smoke — which 
)resently  evaporates.     This  perhaps  will  serve 
,0  show  it  better.    Mr.  Anderson  will  put  a  can- 
lie  under  that  jar,  and  you  will  see  how  soon 
he  water  is  produced  (Fig.  4).     Look  at  tliat 
limness  on  the  sides  of  tlie  glass,  which  will 
lOon  produce  drops  and  trickle  down  into  the  j 
)late.    Well,  that  dimness  and  these  drops  are  "^ 
vatc)\  formed  by  the  union  of  the  oxygen  of 
he  air  with  the  hydrogen  existing  in  the  wax  of  which  that  candle 
s  formed. 

And  now,  having  brought  you  in  the  first  place  to  the  consideration 
>f  chemical  attraction,  I  must  enlarge  your  ideas  so  as  to  include  all 
lubstances  which  have  this  attraction  for  each  other — for  it  ehanires 
he  character  of  bodies,  and  alters  them  in  this  way  and  that  way,  in 
he  most  extraordinary  manner  ;  and  produces  other  phenomena  won- 
lerful  to  think  about.  Here  is  some  chlorate  of  potash,  and  there  is 
ome  sulphuret  of  antimony.  We  will  mix  these  two  different  sets  of 
)articles  together,  and  I  want  to  show  you  in  a  general  sort  of  way, 
ome  of  the  phenomena  which  take  place  w^hen  we  make  different  par- 
icles  act  together.  Now  I  can  make  these  bodies  act  upon  each  other 
n  several  ways.  In  this  case  I  am  going  to  apply  heat  to  the  mixture, 
)ut  if  I  were  to  give  it  a  blow^  with  a  hammer  the  same  result  would 
bllow.  [A  lighted  match  was  brought  to  the  mixture,  which  imme- 
liately  exploded  with  a  sudden  flash,  evolving  a  dense  white  smoke.] 
[here  you  see  the  result  of  the  action  of  chemical  affinity,  overcoming 
he  attraction  of  cohesion  of  the  particles.  Again,  here  is  a  little  sugar, 
[uite  a  diflerent  substance  from  the  black  sulphuret  of  antimony,  and 
^ou  shall  see  what  takes  place  when  we  put  the  two  together.  [The 
oixture  was  touched  with  sulphuric  acid,  when  it  took  fire  and  burnt 
:raduallv  and  with  a  bricrhter  flame  than  in  the  former  instance.]  Ob- 
erve  this  chemical  affinity!  traveling  about  the  mass,  and  setting  it 
m  fire,  and  throwing  it  into  such  wonderful  agitation. 

I  must  now  come  to  a  few  circumstances  which  require  careful  con- 
ideration.  We  have  already  examined  one  of  the  effects  of  this  chem- 
cal  affinity — but  to  make  the  matter  more  clear  we  must  point  out 
ome  others.     And  here  are  two  salts  dissolved  in  water.     They  are 
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botli  colorless  solutions,  mikI  in  those  glasses  you  cannot  see  any  dif- 
ference Ix'twt'on  them.  ]>ut  if  I  mix  tlicin,  I  shall  have  chemical  at- 
traction take  j)lace.  I  will  pour  the  two  t(>;^ether  into  this  glass,  and 
vou  will  at  once  sec,  I  have  no  douht,  a  certain  amount  of  change, 
liook,  they  are  already  becoming  milky,  but  they  are  sluggish  in  their 
action — not  (juick  as  the  others  were — for  we  have  endless  varieties  of 
rapidity  in  chemical  action.  Now  if  I  mix  them  together,  and  stir 
them  so  as  to  bring  tliom  j)roperly  together,  you  will  soon  see  what  a 
diiferent  result  is  produced.  As  I  mix  them  they  get  thicker  and 
thicker,  and  you  see  the  liquid  is  hardening  and  stiffening,  and  before 
long  I  shall  have  it  quite  hard ;  and  before  the  end  of  the  lecture,  it 
will  be  a  solid  stone — a  wet  stone  no  doubt,  but  more  or  less  solid — in 
consequence  of  the  chemical  affinity.  Is  not  this  changing  two  liquids 
into  a  solid  body  a  wonderful  manifestation  of  chemical  affinity? 

There  is  another  remarkable  circumstance  in  chemical  affinity,  which 
is  that  it  is  capable  of  either  waiting  or  acting  at  once.  And  this  is  very 
singular,  because  we  know  of  nothing  of  the  kind  in  the  forces  either 
of  gravitation  or  cohesion.  For  instance,  here  are  some  oxygen  par- 
ticles, and  here  is  a  lump  of  carbon  particles.  I  am  going  to  put  the 
carbon  particles  into  the  oxygen  ;  they  can  act,  but  they  do  not — 
they  are  just  like  this  unlighted  candle.  It  stands  here  quietly  on  the 
table,  waiting  until  we  want  to  light  it.  But  it  is  not  so  in  this  other 
case :  here  is  a  substance,  gaseous  like  the  oxygen,  and  if  I  put  these 
particles  of  metal  into  it  the  two  combine  at  once.  The  copper  and 
the  chlorine  unite  by  their  powder  of  chemical  affinity,  and  produce  a 
body  entirely  unlike  either  of  the  substances  used.  And  in  this  other 
case,  it  is  not  that  there  is  any  deficiency  of  affinity  between  the  carbon 
and  oxygen,  for  the  moment  I  choose  to  put  them  in  a  condition  to 
exert  their  affinity,  you  will  see  the  difference.  [The  piece  of  char- 
coal was  ignited,  and  introduced  into  the  jar  of  oxygen,  when  the  com- 
bustion proceeded  wdth  vivid  scintillations.] 

Now  this  chemical  action  is  set  going  exactly  as  it  would  be  if  I  had 
lighted  the  candle,  or  as  it  is  when  the  servant  put  coals  on  and  lights 
the  fire :  the  substances  wait  until  we  do  something  which  is  able  to 
start  the  action.  Can  any  thing  be  more  beautiful  than  this  combus- 
tion of  charcoal  in  oxygen  ?  You  must  understand  that  each  of  these 
little  sparks  is  a  portion  of  the  charcoal,  or  the  bark  of  the  charcoal, 
thrown  off  white-hot  into  the  oxygen,  and  burning  in  it  most  brilliantly 
as  you  see.  And  now  let  me  tell  you  another  thing,  or  you  will  go 
away  with  a  very  imperfect  notion  of  the  powers  and  effects  of  this 
affinity.  There  you  see  some  charcoal  burning  in  oxygen.  Well,  a 
piece  of  lead  will  burn  in  oxygen  just  as  well  as  the  charcoal  does,  or 
indeed  better,  for  absolutely  that  piece  of  lead  will  act  at  once  upon 
the  oxygen  as  the  copper  did  in  the  other  vessel  with  regard  to  the 
chlorine.  And  here  also  is  a  piece  of  iron;  if  I  light  it  and  put  it  into 
the  oxygen,  it  will  burn  away  just  as  the  carbon  did.  And  I  will  take 
some  lead  and  show  you  that  it  will  burn  in  the  common  atmospheric 
oxygen  at  the  ordinary  temperature.  These  are  the  lumps  of  lead 
which  you  remember  we  had  the  other  day — the  two  pieces  which  clung 
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tog(  tlior.  Now  those  pieces,  if  I  take  them  to-day  and  press  them  to- 
l^ether,  will  not  stick,  and  the  reason  is  that  they  have  attracted  from 
the  MtinospluM-o  a  part  of  the  oxy^rcn  there  present,  and  have  hecome 
coated  as  with  a  varnish  by  the  oxide  of  lead  which  is  fornie(l  on  the 
surface,  by  a  real  process  of  comhustion  or  combination.  There  you 
see  the  iron  burnin«]r  very  well  in  oxyf:;en,  and  I  will  tell  you  the  reason 
why  those  scissors  and  that  lead  do  not  take  fire  whilst  they  are  lyin;:  on 
the  table.  lli>re  the  lead  is  in  a  luni[),  and  the  coating  of  oxide  remains 
on  its  surface,  whilst  there  you  see  the  melted  oxide  is  clearing  itself  off 
from  the  iron,  and  allowing  more  and  more  to  go  on  burning.  In  this 
case,  however  [holding  up  a  small  glass  tube  containing  lead  pyropho- 
rus],  the  leail  has  been  very  carefully  ])roduced  in  fine  powder,  and  put 
into  a  glass  tube  and  hermetically  sealed  so  as  to  preserve  it,  and  I  ex- 
pect you  will  see  it  take  fire  at  once.  This  has  been  made  about  a  month 
ago,  and  has  thus  had  time  enough  to  sink  down  to  its  normal  tempe- 
rature— what  you  see,  therefore,  is  the  result  of  chemical  affinity  alone. 
[The  tube  was  broken  at  the  end,  and  the  lead  poured  out  on  to  a  piece 
of  paper,  whereupon  it  immediately  took  fire.]  Look,  look,  at  the 
lead  burning,  wh}'  it  has  set  fire  to  the  paper.  Now  that  is  nothing 
more  than  the  common  aflinity  always  existing  between  very  clean  lead 
and  the  atmospheric  oxygen ;  and  the  reason  why  this  iron  does  not 
burn  until  it  is  made  red-hot,  is  because  it  has  got  a  coating  of  oxide 
about  it  which  stops  the  action  of  the  oxygen, — putting  a  varnish,  as 
it  were,  upon  its  surface,  as  we  varnish  a  picture — absolutely  forming 
a  substance  which  prevents  the  natural  chemical  affinity  between  the 
bodies  from  actinfj. 

I  must  now  take  you  a  little  further  in  this  kind  of  illustration,  or 
consideration  I  would  rather  call  it,  of  chemical  affinity.  This  attrac- 
tion between  different  particles  exists  also  most  curiously  in  cases  where 
they  are  previously  combined  with  other  substances.  Here  is  a  little 
chlorate  of  potash  containing  the  oxygen  which  we  found  yesterday 
could  be  procured  from  it ;  it  contains  the  oxygen  there  combined  and 
held  down  by  its  chemical  affinity  with  other  things ;  but  still  it  can 
combine  with  sugar,  as  you  saw.  This  affinity  can  thus  act  across  sub- 
stances, and  I  want  you  to  see  how  curiously  what  we  call  combustion 
acts  with  respect  to  this  force  of  chemical  affinity.  Suppose  I  take  a 
piece  of  phosphorus  and  set  fire  to  it,  and  then  place  a  jar  of  air  over 
the  phosphorus,  you  see  the  combustion  which  we  are  having  there  on 
account  of  chemical  affinity  (combustion  being  in  all  cases  the  result 
of  chemical  affinity).  The  phosphorus  is  escaping  in  that  vapor,  which 
■will  condense  into  a  snow-like  mass  at  the  close  of  the  lecture.  But 
suppose  I  limit  the  atmosphere,  what  then  ?  why,  even  the  phosphorus 
will  go  out.  Here  is  a  piece  of  camphor  which  will  burn  very  well  in 
the  atmosphere,  and  even  on  water  it  will  float  about  and  burn,  by 
reason  of  some  of  it  particles  gaining  access  to  the  air.  But  if  I  limit 
the  quantity  of  air  by  placing  a  jar  over  it,  as  I  am  now  doing,  you 
will  soon  find  the  camphor  will  go  out.  Well,  why  does  it  go  out  ? 
not  for  want  of  air,  for  there  is  plenty  of  air  remaining  in  the  jar. 
Perhaps  you  will  be  shrewd  enough  to  say  for  want  of  oxygen. 

22  • 
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This  therefore  leads  us  to  tlie  inquiry  as  to  wlietlier  oxyf];on  can  do 
more  tliaii  a  ccrtaiji  amount  of  work.    Tlie  oxy^rcu  tlicie  ( Ki^^  4j  can- 
not «^()  on  burnin«^  an  uiilinutcd  ([uantity  of  candle,  lor  that  lias  gone 
out,  as  you  see  ;  and  its  amount  of  chemical  attraction  or  allinity  is 
just  as  strikingly  limited  ;  it  can  no  more  be  fallen  short  or  exceeded 
than  can  the  attraction  of  gravitation.     You  might  as  soon  attempt  to 
destroy  gravitation,  or  weight,  or  all   things  that  exist,  as  to  d(;stroy 
the  exact  amount  of  force  exerted  by  this  oxygen.   And  when  I  pointed 
out  to  you  that  8  by  weight  of  oxygen  to  1  Ijy  weight  of  hydrogen 
>vent  to  form  water,  I  meant  this,  that  neither  of  them  would  combine 
in  (lifierent  proportions  with  the   other,  for  you  cannot  get  10  of  hy- 
drogen to  combine  with  6  of  oxygen,  or  10  of  oxygen  to  combine  with 
C  of  hydrogen — it  must  be  8  of  oxygen  and  1  of  hydrogen.     Now  sup- 
pose 1  limit  the  action  in  this  way:  this  piece  of  cotton-wool  burns,  as 
you  see,  very  well  in  the  atmosphere  ;  and  I  have  known  of  cases  of 
cotton-mills  being  fired  as  if  with  gunpowder,  through  the  very  finely 
divided  particles  of  cotton  being  difl'uscd  through  the  atmosphere  in 
the   mill,  wlien  it  has  sometimes  happened  that  a  flame  has  caught 
these  raised  particles,  and  it  has  run  from  one  end  of  the  mill  to  the 
other  and  blown  it  up.     That,  then,  is  on  account  of  the  affinity  wdiich 
the  cotton  has  for  the  oxygen ;  but  suppose  I  set  fire  to  this  piece  of 
cotton  which  is  rolled  up  tightly;  it  does  not  go  on  burning,  because 
I  have  limited  the  supply  of  oxygen,  and  the  inside  is  prevented  from 
having  access  to  the  oxygen,  just  as  it  was  in  the  case  of  the  lead  by 
the  oxide.     But  here  is  some  cotton  which  has  been  imbued  with  oxy- 
gen in  a  certain  manner.     I  need  not  trouble  you  now  with  the  way 
it  is  prepared ;  it  is  called  gun-cotton.     See  how  that  burns  [setting 
fire  to  a  piece]  ;  it  is  very  different  from  the  other,  because  the  oxygen 
that  must  be  present  in  its  -proper  amount  is  put  there  beforehand. 
And  I  have  here  some  pieces  of  paper  which  are  prepared  like  the 
gun-cotton,  and  imbued  with  bodies  containing  oxygen.    Here  is  some 
which  has  been  soaked  in  nitrate  of  strontia — you  will  see  the  beauti- 
ful red  color  of  its  flame ;  and  here  is  another  which  I  think  contains 
baryta,'which  gives  that  fine  green  light ;  and  I  have  here  some  more 
which  has  been  soaked  in  nitrate  of  copper, — it  does  not  burn  quite 
so  brightly,  but  still  very  beautifully.     In  all  these  cases  the  com- 
bustion goes  on  independent  of  the  oxygen  of  the  atmosphere.    And 
here  we  have  some  gunpowder  put  into  a  case,  in  order  to  show  that 
it  is  capable  of  burning  under  water.     You  know  that  we  put  it  into 
a  gun,  shutting  off  the  atmosphere  with  shot,  and  yet  the  oxygen 
which  it  contains  supplies  the  particles  with  that  without  which  chemi- 
cal action  could  not  proceed.     Now  I  have  a  vessel  of  w^ater  here,  and 
am  going  to  make  the  experiment  of  putting  this  fuse  under  the  water, 
and  you  will  see  whether  that  water  can  extinguish  it ;  here  it  is  burn- 
ing out  of  the  water,  and  there  it  is  burning  under  the  water,  and  so 
it  will  continue  until  exhausted,  and  by  reason  of  the  requisite  amount 
of  oxygen  being  contained  within  the  substance.    It  is  by  this  kind  of 
attraction  of  the  different  particles  one  to  the  other  that  we  are  en- 
abled to  trace  the  laws  of  chemical  affinity,  and  the  wonderful  variety 
of  the  exertions  of  these  laws. 
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Now  I  want  you  to  observe  that  one  great  exertion  of  tlils  power 
\slncli  is  known  as  chemical  ajjinittf  is  to  produce  hkat  and  liglit ;  you 
know  as  a  matter  of  fact,  no  doubt,  that  when  ho(li('s  hum  they  ^ive 
out  heat,  but  it  is  a  curious  thing  that  this  heat  (hn's  nut  continue  — 
the  heat  goes  away  as  soon  as  the  action  stops,  and  you  sec  by  tliat 
that  it  depends  upon  tlie  action  during  the  time  it  is  going  on.  That 
is  not.  so  with  gravitation  ;  this  force  is  continuous,  and  is  just  as  ef- 
fective in  making  tliat  lead  press  on  the  talde  as  it  was  when  it  first 
fell  there.  JSotliing  occurs  there  which  disappears  when  the  action  of 
falling  is  over;  the  pressure  is  upon  the  table,  and  will  remain  there 
until  the  lead  is  removed  ;  whereas,  in  the  action  of  chemical  afTinity 
to  give  light  and  heat,  they  go  away  immediately  the  action  is  over. 
This  lamp  seems  to  evolve  heat  and  light  continuously,  but  it  is  owing 
to  a  constant  stream  of  air  coming  into  it  on  all  sides,  and  this  work 
of  producing  light  and  heat  bv  chemical   afiinitv  will  subside  as  soon 
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as  the  stream  of  air  is  interrupted.  What,  then,  is  this  curious  con- 
dition of  heat?  AVhy  it  is  the  evolution  of  another  power  of  matter, 
of  a  ])ower  new  to  us,  and  which  we  must  now  consider  as  if  it  were 
the  very  first  time  it  was  brought  under  our  notice.  What  is  heat  ? 
"We  recognise  heat  by  its  power  of  liquefying  solid  bodies  and  vapor- 
izing liquid  bodies,  by  its  power  of  setting  chemical  affinity  going  and 
very  often  overcoming  it.  Then  how  do  we  obtain  heat  ?  We  obtain 
it  in  various  ways  ;  most  abundantly  by  means  of  the  chemical  affinity 
"we  have  just  before  been  speaking  about,  but  we  can  also  obtain  it  in 
many  other  ways.  Friction  will  produce  heat.  The  Indians  rub  pieces 
of  wood  together  until  they  get  them  hot  enough  to  take  fire,  and  such 
things  have  been  known  as  two  branches  of  a  tree  rubbing  to-  yig.  5. 
gether  so  hard  as  to  set  the  tree  on  fire.  I  do  not  suppose  I  ^^__^ 
shall  set  these  two  pieces  of  wood  on  fire  by  friction  ;  but  I  can 
readily  produced  heat  enough  to  ignite  some  phosphorus.  [The 
Lecturer  here  rubbed  two  pieces  of  cedar  wood  strongly  against 
each  other  for  a  minute,  and  then  placed  on  them  a  piece  of 
phosphorus,  which  immediately  took  fire.]  And  if  you  take  a 
smooth  metal  button  stuck  on  a  cork,  and  rub  it  on  a  piece  of 
soft  deal  wood,  you  will  make  it  so  hot  as  to  scorch  wood  and 
paper,  and  burn  a  match. 

I  am  now  froino:  to  show  vou  that  we  can  obtain  heat  not  bv 
chemical  affinity  alone,  but  by  the  pressure  of  air.  Suppose  I 
take  a  pellet  of  cotton  and  moisten  it  with  a  little  ether,  and 
put  it  into  a  glass  tube  (Fig.  5),  and  then  take  a  piston  and 
press  it  down  suddenly,  I  expect  I  shall  be  able  to  burn  a  little  of  that 
ether  in  the  vessel.  It  wants  a  suddenness  of  pressure  or  we  shall 
not  do  what  we  require.  [The  piston  was  forcibly  pressed  down,  when 
a  flame  due  to  the  combustion  of  the  ether  was  visible  in  the  lower 
part  of  the  syringe.]  All  we  want  is  to  get  a  little  ether  in  vapor, 
and  give  fresh  air  each  time,  and  so  we  may  go  on  again  and  again 
getting  heat  enough  by  the  compression  of  air  to  fire  the  vapor  of  ether. 

This,  then,  I  think,  will  be  enough,  accompanied  with  all  you  have 
previously  seen,  to  show  you  how  we  procure  heat.     And  now  for  the 
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effects  of  this  power.  We  need  not  consider  many  of  tliem  on  the 
present  occasion,  because  when  you  have  seen  its  power  of  clianging  ice 
into  water  and  water  into  stoain,  you  have  seen  the  two  principal  results 
of  the  application  of  heat.  I  want  you  now  to  sec  how  it  expands  all 
Ijodies — all  bodies  but  one,  and  that  under  limited  circumstances.    Mr. 

Anderson  will  hold  a  lamp  under  that  retort, 
'^'    *  and  you  will  see  the  moment  he  docs  so  that 

IJ  the  air  will   issue  abundantly  from  the  neck 

1/  which  is  under  water,  because  the  heat  which 

he  applies  to  the  air  causes  it  to  expand. 
And  here  is  a  brass  rod  (Fig.  6)  which  goes 
through  that  hole  and  also  fits  accurately 
into  this  gauge  ;  but  if  I  make  it  warm  with 
this  spirit-lamp  it  will  only  go  in  the  gauge 
or  through  tlie  hole  with  difficulty;  and  if  I 
were  to  put  it  into  boiling  water  it  would  not  go  through  at  all.  Again  : 
as  soon  as  the  heat  leaves  bodies  they  collapse  ;  see  how  the  air  is  con- 
tracting in  the  vessel  now  Mr.  Anderson  has  taken  away  his  lamp  ; 
the  stem  of  it  is  filling  with  water.  And  notice  now  that  although  I 
cannot  get  the  tube  through  this  hole  or  into  the  gauge,  the  moment 
I  cool  it  by  dipping  it  into  water,  it  goes  through  with  perfect  facility, 
so  that  you  see  we  have  a  perfect  proof  of  this  power  of  heat  to  con- 
tract and  expand  bodies. 

(To  be  Continued.) 


Specificatmi  of  a  Patent  granted  to  Frederick  Augustus  Abel /or 

Improvements  in  Protecting  from  Fire,  Textile  3Iateriah  in  the  Haw 

or  in  the  Manufactured  State."^^ — [Dated  23d  December,  1859.] 

The  improvements  forming  the  subject  of  this  invention  consist  in 

affording  protection  against  fire  to  textile  materials  in  the  raw  or  in 

the  manufactured  state,  by  impregnating  such  materials  with  insoluble 

metallic  silicates  within  the  fibre  of  the  material. 

The  process  by  which  this  is  effected  is  as  follows : — Prepare  a  so- 
lution of  lead,  of  zinc,  or,  practically  speaking,  of  any  other  metallic 
base  capable  of  forming,  by  its  action  upon  a  soluble  silicate,  a  double 
silicate,  insoluble  in  water,  and,  by  preference,  a  basic  acetate  of  lead, 
prepared,  as  is  well  known,  by  boiling  sugar  of  lead  and  litharge  with 
water.  It  has  been  found  that  solutions  of  various  strengths  will  an- 
swer the  purpose,  yet  the  one  preferred  is  prepared  by  boiling  together 
twenty-five  pounds  of  sugar  of  lead,  fifteen  pounds  of  litharge,  and  forty 
gallons  of  Avater,  for  about  half  an  hour,  and  allowing  the  same  to 
stand  for  about  a  couple  of  hours  ;  the  decanted  clear  solution  forms  a 
liquor  well  adapted  to  the  purpose  of  the  patentee. 

To  use  the  liquor  so  prepared,  and  which,  in  the  present  instance, 
is  a  solution  of  basic  acetate  of  lead,  the  patentee  takes  such  a  quan- 
tity of  it  as  will  be  at  least  sufficient  to  cover  completely  the  fabric  or 
material  intended  to  be  made  uninflammable,  or  else  the  fabric  or  ma- 
terial may,  in  many  cases,  be  simply  passed  through  the  liquid,  raised 
to  nearly  the  boiling  point ;  the  object  being  simply  to  saturate  or  im- 

*from  Newton's  London  Journal,  August,  1860. 
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prcjznatc  it  thoroiiirlily  with  tlio  li(]Uor.  This  haviii;;  l)Oi'ii  (h)no,  tlie 
fabric  so  saturalod  with  th(»  rKjUor  is  to  he  rt'inovcd,  and  spread  out 
for  ahout  twelve  hours  to  the  contact  of  the  air.  This  han^in;;  out  of 
the  fabric  or  material  to  the  air  may  be  dispensed  with,  but  it  is  pre- 
ferred to  do  so,  the  subsctiuent  operation  now  to  be  described  yielding 
then  a  better  result. 

The  fabric,  after  having  been  subjected  to  the  first  operation  just 
described,  should  now  be  immersed  for  a  period  of  from  one  to  two 
hours,  or  thereabouts,  in  a  hot  and  moderately  strong  solution  of  an 
alkaline  silicate,  by  preference,  in  silicate  of  stxla.  It  should  then  be 
withdrawn  from  the  bath  of  alkaline  silicate,  allowed  to  drain,  washed 
thoroughly  in  soft  water,  and  dried  ;  when  it  will  be  found  to  have  ac- 
quired the  properties  claimed  for  it. 

The  patentee  does  not  confine  himself  to  the  use  of  any  particular 
silicate,  or  of  any  metallic  salt,  nor  to  the  precise  modus  op'raiidi  de- 
scribed', but  he  claims,  *' protecting  from  fire  textile  materials  in  the 
raw  or  in  the  manufactured  state,  by  the  production  of  an  insoluble 
silicate  within  the  fibre  or  texture  of  the  said  textile  materials. 


0)1  the  means  of  Increasing  the  Angle  of  Binofnlnr  Inafriiments^  in 
order  to  obtain  a  Stereoscopic  Effect  in  proportion  to  their  Magni- 
fying Power.'*'     By  Mr.  A.  Claudet. 

In  a  paper  on  the  stereoscope,  which  Mr.  Claudet  read  before  the 
Society  of  Arts  in  the  year  1852,  alluding  to  the  reduction  of  the  ste- 
reoscopic eftect  produced  by  opera-glasses  on  account  of  their  magni- 
fying power,  he  stated  that,  in  order  to  reduce  that  defect,  it  would 
be  necessary  to  increase  the  angle  of  the  two  perspectives.  This  he 
proposed  to  do  by  adapting  to  the  object-glasses  two  sets  of  reflect- 
ing prisms,  which  by  the  greater  separation  given  to  the  two  lines  of 
perspectives,  would  reflect  on  the  optic  axes  images  taken  at  a  great- 
er anirle  than  the  ancrle  of  natural  vision.     Such  was  the  instrument 

... 
that  Mr.  Claudet  submitted  to  the  British  Association,  to  prove,  as  he 

has  always  endeavored  to  demon.strate  in  various  memoirs,  that  the 
binocular  angle  of  stereoscopic  pictures  must  be  in  proportion  to  the 
ultimate  size  of  the  pictures  on  the  retina,  larger  than  the  natural 
angle  when  the  images  are  magnified,  and  smaller  when  they  are  di- 
minished ;  which,  in  fact,  is  nothing  more  than  to  give  or  restore  to 
these  images  the  natural  angle  at  which  the  objects  are  seen  when  we 
approach  them  or  recede  from  them.  For  magnifying  or  diminishing 
the  size  of  objects  is  the  same  thing  as  approaching  them  or  receding 
from  them,  and  in  these  cases  the  angles  of  perspectives  cannot  be 
the  same.  Mr.  Claudet  showed  that,  looking  at  the  various  rows  of 
persons  composing  the  audience  with  the  large  ends  of  the  opera- 
glass,  all  the  various  rows  appeared  too  close  to  one  another,  that 
there  was  not  between  them  the  distance  which  separates  them  when 
we  look  with  the  eyes  alone ;  and  he  showed  also  that,  with  the  small 
end,  the  distance  appeared  considerably  exaggerated.  But,  apply- 
ing the  sets  of  prisms  to  the  opera-glass  in  order  to  increase  the  an- 

*  From  the  London  Athenseum,  July,  1860. 
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gle  of  tlic  two  pcrspo(!tivcs,  tlicn  lookint^  at  tlic  audience  as  before, 
it  a|)peare(l  tliat  tlie  various  rows  of  persons  luul  between  them  the 
natural  distance  expected  for  the  size  of  the  image  or  for  the  reduc- 
tion of  the  distance  of  tlie  ol)jects.  ]5y  sjpplying  the  two  sets  of 
prisms  before  the  eyes  witliout  tlic  opera-<^lass,  it  was  observed,  as 
was  to  b(!  expected,  tliat  the  stereoscopic  efiect  was  considerably  ex- 
agfi^erated,  because  the  binocular  an^^le  was  increased  without  magni- 
fying  the  objects.  J>ut  looking  with  the  two  sets  of  prisms  alone  at 
distant  objects,  the  exaggeration  of  perspective  did  not  produce  an 
un|)leasant  effect.  It  appeared  as  if  we  were  looking  at  a  small  mo- 
del of  the  objects  brought  near  the  observer.  J]y  the  same  reason, 
stereoscopic  pictures  of  distant  objects  (avoiding  to  include  in  them 
near  objects)  can  advantageously  be  taken  at  a  larger  angle  than  the 
natural  angle,  in  order  to  give  them  the  relief  of  which  they  are  de- 
prived as  much  when  we  look  at  them  with  the  eyes,  as  when  we  look 
only  with  one  eye ;  instead  of  being  a  defect,  it  seems  that  it  is  an 
improvement.  In  fact,  the  stereoscope  gives  us  two  eyes  to  see  pic- 
tures of  distant  objects. — Proc.  Brit.  Assoc. ^  1860. 


On  the  Principles  of  the  Solar  Camera."^     By  A.  Claudet. 

The  solar  camera  invented  by  Woodward,  is  one  of  the  most  im- 
portant improvements  introduced  in  the  art  of  photography  since  its 
discovery.  By  its  means,  small  negatives  may  produce  pictures  mag- 
nified to  any  extent ;  a  portrait  taken  on  a  collodion  plate  not  larger 
than  a  visiting-card,  can  be  increased,  in  the  greatest  perfection,  to 
the  size  of  nature ;  views  as  small  as  those  for  the  stereoscope  can  be 
also  considerably  enlarged.  This  is  an  immense  advantage,  which  is 
easily  understood  when  we  consider  how  much  quicker  and  in  better 
proportion  of  perspective  small  pictures  are  taken  by  the  camera  ob- 
scura,  while  the  manipulation  is  so  greatly  simplified.  There  is  no- 
thing new  in  the  enlargement  of  photographic  pictures.  This  has 
been  done  long  ago  simply  by  attending  to  the  law  of  conjugate  foci; 
and  every  photographer  has  always  been  enabled,  with  his  common 
camera,  to  increase  or  reduce  the  size  of  any  image.  Por  the  en- 
largement, it  was  only  necessary  to  place  the  original  very  near  the 
camera,  and  to  increase  in  proportion  the  focal  distance.  But  the 
more  the  focal  distance  was  increased,  the  more  the  intensity  of  light 
•was  reduced ;  and  a  still  greater  loss  of  light  arose  from  the  necessity 
of  diminishing  the  aperture  of  the  lens,  in  order  to  avoid  the  spheri- 
cal aberration.  Such  conditions  rendered  the  operation  so  long  that 
it  became  almost  an  impossibility  to  produce  any  satisfactory  results 
when  the  picture  was  to  be  considerably  enlarged.  For  these  reasons, 
it  naturally  occurred  that  if  the  negative,  having  its  shadows  perfectly 
transparent  and  its  lights  quite  black,  was  turned  against  the  strong 
light  of  the  sun,  its  positive  image  at  the  focus  of  the  camera  would 
be  so  intense  that  the  time  of  exposure  would  be  considerably  reduced. 
So  that,  in  order  to  employ  the  light  of  the  sun,  and  follow  easily  its 
position  without  having  to  move  constantly  the  whole  camera,  it  was 

*Prom  the  London  Athenaeum,  July,  1860. 
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tliouLrlit  ndvisaltlo  to  oniitlov  a  nioval)le  rcflcctiiiLr  mirror,  poikIIii'^-  tlio 
]>;n*all('l  rays  ot"  tlic  sun  tui  a  vertical  plaiio-coii vex  lens  coii'lciisiii'i^ 
those  rays  on  the  nc^rativi*,  placed  before  the  object  ^'lass  and  behind 
the  condenser,  somewhere  in  its  luminous  cone.  Many  contrivances 
for  this  object  were  resorte<l  to,  but  "without  considering*;  any  thing 
else  than  throwing  the  stron<;est  light  |)ossii>le  on  the  negative  to  be 
copied.  The  constructors  of  these  solar  cameras  never  thouglit  it 
very  important  to  consider  whether  the  focus  of  the  condensinjx  lens 
was  better  to  fall  before  or  behind  the  front  of  the  object  glass,  pro- 
vided the  negative  was  placed  in  the  luminous  cone  of  the  condenser. 
This  want  of  attention  has  been  the  cause  which  has  made  the  solar 
camera  a  very  imperfect  instrument  for  copying  negatives.  The  beau- 
tiful i)rinciple  of  Woodward's  apparatus  consists  in  his  having  decided 
the  ([uestion  of  the  position  of  the  focus  of  the  condenser,  and  in 
liaving  placed  it  exactly  on  tbe  front  lens  of  the  camera  obscura.  As 
this  principle  had  not  yet  been  explained  when  the  invention  was  ex- 
hibited before  the  Photographic  Societies  of  London  and  Paris,  and 
not  even  bj  the  inventor  himself  in  the  specification  of  his  ])atent, 
Mr.  Claudct  has  undertaken,  in  the  interest  of  the  photographic  art, 
to  bring  the  subject  before  the  British  Association,  and  to  (lemonstrate 
that  the  solar  camera  of  Woodward  lias  solved  the  most  difficult  pro- 
blem of  the  optics  of  photography,  and  is  capable  of  producing  Avon- 
derful  results.  This  problem  consists  in  forming  the  image  of  the 
negative  to  be  copied  only  by  the  centre  of  the  object-glass  reduced 
to  the  smallest  aperture  possible,  without  losing  the  least  proportion 
of  the  light  illuminating  the  negative.  The  solar  camera  does  not 
require  any  diaphragm  to  reduce  the  aperture  of  the  lens,  because 
every  one  of  the  points  of  the  negative  are  visible  only  when  they  are 
defined  on  the  image  of  the  sun,  and  they  are  so  (in  that  position  ex- 
clusively), for  the  centre  of  the  lens  is  the  only  point  which  sees  the 
sun,  while  the  various  points  of  the  negative  which  form  the  marginal 
zone  of  the  lens,  are  defined  against  the  comparatively  obscure  parts 
of  the  sky  surrounding  tlie  sun,  are,  as  it  were,  invisible  to  that  zone; 
so  that  the  image  is  produced  only  by  the  central  rays,  and  not  in  the 
least  degree  by  any  other  points  of  the  lens,  which  are  subject  to 
spherical  aberration.  It  is,  in  fact,  a  lens  reduced  to  an  aperture  as 
small  as  is  the  image  of  the  sun  upon  its  surface,  without  the  neces- 
sity of  any  diaphragm,  and  admitting  the  whole  light  of  the  sun  after 
it  has  been  condensed  upon  the  various  separate  points  of  the  nega- 
tive. It  is  evident  that,  from  the  centre  of  the  lens  the  whole  nega- 
tive has  for  background  the  sun  itself,  and  from  the  other  points  of 
the  lens  it  has  for  background  only  the  sky  surrounding  the  sun, 
which  fortunately  has  no  effect  in  the  formation  of  the  image.  Such 
is  the  essential  principle  of  Woodward's  solar  camera,  which  did  not 
exist  in  that  instrument  when  the  focus  of  the  condenser  was  not  ou 
the  object-glass.  This  principle  is  truly  marvellous,  but  it  must  be 
observed  that  the  solar  camera,  precisely  on  account  of  the  excellence 
of  this  principle,  requires  the  greatest  precision  in  its  construction. 
For  its  delicate  performances,  it  must  be  as  perfect  as  an  astronomi- 
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cal  instnimont,  wliicli,  in  fact,  it  is.  The  reflecting  mirror  sliould  be 
plani',  and  uitli  parallel  .surfaces,  in  order  to  rellect  on  the  condenser 
an  image  of  the  sun  without  deformation;  and  in  order  to  keep  the 
image  always  on  the  very  centre  of  the  object-glass,  the  oidy  condi- 
tion for  the  exclusion  of  the  oblique  rays,  the  mirror  should  be  capa- 
ble by  its  connexion  with  a  heliostat  of  following  the  movements  of 
the  sun.  The  condenser  itself  should  be  achromatic,  in  order  to  re- 
fract the  image  of  the  sun  without  dispersion,  and  to  define  more  cor- 
rectly the  lines  of  the  negative  ;  and  a  no  less  important  condition 
for  losing  nothing  of  the  photogenic  rays  would  be,  to  have  it  formed 
with  a  glass  perfectly  homogeneous  and  colorless.  With  such  im- 
provements, the  solar  camera  will  become  capable  of  producing  re- 
sults of  the  greatest  beauty  ;  and,  without  any  question,  its  introduc- 
tion into  the  photographer's  studio  will  mark  a  period  of  considerable 
improvement  in  the  art. — Froc.  Brit.  Assoc. ,  1860. 

On  the  Perception  of  Colors.'^     By  Dr.  Gladstone. 

The  author  described  himself  as  in  an  intermediate  position  between 
those  who  have  a  normal  vision  of  colors,  and  those  who  are  termed 
"  color-blind."  These  latter  are  usually  unacquainted  with  the  sen- 
sations of  either  red  or  green,  and  it  becomes  a  desideratum  to  have 
good  observations  on  those  who  are  capable  of  acting  somewhat  as 
interpreters  between  them  and  those  who  perceive  every  color.  By 
means  of  Chevreul's  chromatic  circles  and  scales,  Maxwell's  color- 
top,  colored  beads,  &c.,  the  author  was  able  to  determine  the  follow- 
ing points  in  respect  to  his  own  vision.  He  sees  red,  in  all  probabil- 
ity, like  other  people,  but  it  requires  a  larger  quantity  of  the  color 
to  give  the  sensation  than  is  usually  the  case ;  hence  a  purple  appears 
to  him  more  blue,  and  an  orange  more  yellow,  than  to  the  generality 
of  observers.  He  is  perfectly  sensible  of  green,  or  rather  of  two  dis- 
tinct greens, — the  one  yellowish,  the  other  blueish, — but  between  them 
there  lies  a  particular  shade  of  green,  to  which  his  eyes  are  insensible 
as  a  color.  This  modifies  his  perception  of  many  greens  that  approxi- 
mate to  Avhat  is  to  him  invisible.  The  shade  occurs  in  nature  on  the 
back  of  the  leaf  of  the  variegated  holly,  and  it  may  be  produced  in 
Maxwell's  top  by  certain  combinations  of  the  colored  disc ;  the  sim- 
plest being : — 

94-5  Brunswick  Green  (Blue  Shade)  -j-  5*5  Ultramarine  =  94 
Black  -f  6  White. 

While  able  perfectly  to  distinguish  between  red  and  green,  the 
contrast  does  not  readily  catch  his  eye,  especially  at  a  distance ;  in 
fact,  he  is  somewhat  short-sighted  in  respect  to  these  colors.  He  has 
reason  to  believe  that,  in  his  case,  there  has  been  a  gradual  improve- 
ment in  his  actual  perception  of  colors,  independently  of  his  greater 
knowledge  of  them,  though  this  is  in  opposition  to  the  general  expe- 
rience of  those  whose  vision  is  in  any  way  abnormal,  and  no  other 
instance  was  known  to  the  late  Prof.  George  Wilson,  whose  book  is 
the  standard  one  on  the  subject  of  color-blindness. 

*  From  the  London  Athenseuui,  July,  1860. 
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On  the  Use  of  Granite.'^  By  Gahdnkr  Wilkinson. 

As  tlio  question  of  usin<:j  granite  for  building  and  luoimniontal  pur- 
poses lias  l)eeu  niucli  discussed,  I  beg  to  offer  a  few  remarks  connected 
witli  it,  and  to  notice  a  fact  wbich  shows  at  how  early  a  period  tlie  an- 
cient Egyptians  bad  watched  tlie  effect  of  atmospheric  and  other  in- 
fluences on  stone,  and  bow  "wisely  they  profited  by  the  lessons  tau;^bt 
them  by  experience.  They  bad  learnt  that  earth,  abounding  with  nitre, 
from  its  attractinir  moisture,  had  the  effect  of  decomposing  granite,  but 
that  in  the  dry  climate  of  Upper  Egypt  the  stone  remained  for  ages 
uninjurt'd  when  raised  above  all  contact  with  tlie  gi*ound.  AVhen, 
therefore,  there  was  a  possibility  of  its  [)eing  cx])osed  to  damj),  they 
based  an  obelisk,  or  other  granite  monument,  on  limestone  substruc- 
tions ;  and  these  last  arc  found  to  the  present  day  perfectly  preserved, 
while  the  granite  above  tbcm  gives  signs  of  decay  in  proportion  to  its 
contact  with  the  earth  subsecjuently  accumulated  about  it.  I  am  speak- 
ing of  Upper  Egypt,  visited  only  four  or  five  times  in  a  year  by  a 
shower  of  rain  ;  for  in  the  Delta  granite  remains  have  been  affected 
in  a  far  greater  degree  than  in  the  Theba'id.  Nitre  abounds  tliere, 
and  it  is  remarkable  that  the  obelisks  at  Alexandria  liave  suflfered  least 
on  the  sides  next  the  sea. 

The  Egyptians  seldom  used  granite  as  a  building  stone,  except  for 
a  small  sanctuary  in  some  sandstone  temple  ;  and  in  the  later  times  of 
the  rtolemies  one  or  two  temples  were  built  entirely  of  granite.  But 
in  the  pure  Egyptian  period,  that  stone  was  chiefly  confined  to  the  ex- 
ternal and  internal  casing  of  walls,  to  obelisks,  doorways,  monolithic 
sbrines,  sarcophagi,  statues,  small  columns,  and  monuments  of  limited 
size,  and  was  sometimes  employed  for  roofing  a  chamber  in  a  tomb. 

The  durability  of  granite  varies  according  to  its  qualities.  The  fel- 
spar is  tlie  first  of  its  component  parts  wliicli  decompose,  and  its  greater 
or  less  aptitude  for  decay  depends  on  the  nature  of  the  base  of  which 
the  felspar  consists.  Egypt  produces  a  great  variety  of  granite,  and 
the  primitive  ranges  in  the  desert,  east  of  the  Nile,  about  35  miles  from 
the  Red  Sea,  supplied  the  Romans,  with  numerous  hitherto  unknown 
kinds,  as  well  as  with  porphyry,  which  they  quarried  so  extensively 
in  that  district ;  but  the  granite  of  the  ancient  Egyptians  came  from 
the  quarries  of  Syene,  in  the  valley  of  the  Nile,  and  from  these  they 
obtained  what  was  used  for  their  monuments.  It  is  from  this  locality 
that  the  name  of  "  Syenite  "  has  been  applied  to  a  certain  kind  of  gran- 
ite ;  it  is,  however,  far  from  being  all  of  the  same  nature,  and  a  small 
portion  of  the  stone  found  there  is  really  what  we  now  call  "Syenite." 

Already,  at  the  early  period  of  the  third  and  fourth  dynasties,  be- 
tween twelve  and  thirteen  centuries  before  the  Christian  era,  the 
Egyptians  extensively  employed  granite  for  various  purposes.  They 
had  learnt  to  cut  it  with  such  skill  that  the  joints  of  the  blocks  were 
fitted  with  the  utmost  precision.  Deep  grooves  were  formed  in  the 
hard  stone  with  evident  facility;  and  it  must  have  been  known  to  them 
for  a  long  period  before  the  erection  of  the  oldest  monuments  that  re- 

*From  the  London  Builder,  No.  907. 
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ixvAwx — tlic  Pyrainids  of  Moinpliis,  where  grunitc  was  introduced  in  a 
manner  which  couhl  only  result  from  long  exj)crience.  Again,  in  the 
time  of  the  first  Osirtasen,  about  2050  13.  C,  granite  obelisks  were 
erected  at  Ilcliopolis,  and  in  the  Fyoom,  and  other  granite  monuments 
were  raised  m  the  same  reign  at  Thebes  ;  from  wiiieli  we  find  that  even 
then  the  Egyj)tians  had  learnt  how  the  damp  earth  acted  on  granite 
"when  buried  beneath  it ;  and  this  interesting  question  subsequently 
su<To;ests  itself — how  long  before  that  time  must  the  stone  have  been 
used  to  enal)le  them  to  obtain  from  experience  that  important  hint 
which  led  them  to  place  granite  on  limestone  substructions  ? 

I  have  already  liad  occasion  to  offer  some  remarks  on  the  mode  of 
treating  granite  surfaces,  which  has  been  so  ably  detailed  by  Mr.  Bell, 
at  the  meeting  of  the  Society  of  Arts  (March  14) ;  and  I  have  stated 
that  the  Egyptians  adopted  the  broad  character  of  ornamentation  in 
sculpturing  granite  very  judiciously  advocated  by  him.  I  will,  there- 
fore, only  add,  that  other  good  examples  of  such  treatment  may  be 
found  in  early  crosses  of  Cornwall,  Devonshire,  and  other  localities  in 
this  country;  where  what  has  been  (rather  hastily)  called  the  Runic 
\iiOi^ — a  design  of  entwined  basket-work,  common  also  in  Italy,  and 
other  countries, — the  large  scroll  pattern  also  frequently  met  with  on 
the  same  monuments,  and  numerous  massive  ornaments  in  relieved  in- 
taglio, cut  in  the  thickness  of  the  stone  are  instances  of  a  style  of  de- 
corative sculpture  admirably  suited  to  granite. 


Great  Achievement  of  Mechanical  Ingenuity,''^  » 

There  is  now  to  be  seen  at  Bennett's,  the  well-known  watch  manu- 
facturer of  Cheapside,  a  gold  hunting-watch  of  so  remarkable  a  char- 
acter as  to  w^ell   deserve   description  in  our  columns.     In  addition  to 
beino'  a  time-keeper  of  the  utmost  precision,  with  chronometer  adjust- 
ments, compensation  balance,  and  cylindrical  spring,  it   exhibits  on 
the  dial-plate  the  following  different  indications  :  first,  the  equation  of 
time ;  secondly,  the  moon's  age ;  thirdly,  the  month  of  the  year;  fourth- 
ly, the  day  of  the  month,  in  addition  to  the  hours,  minutes,  and  sec- 
onds, as  in  an  ordinary  w'atch.     The  mechanism  is  so  contrived  that 
any  one  or  the  w^iole  of  the  hands  may  be  set  forwards  or  backwards 
at  pleasure  without  deranging  the  rest.     Mr.  Bennett,  the  manufac- 
turer of  this  remarkable  production,  naturally  regards  it  as  one  of  the 
hio-hest  triumphs  of  modern  horological  science ;  for  these  extraordi- 
nary time-keepers  have  hitherto  been  considered  rather  as  mechanical 
marvels  than  as  of  practical  use.     In  this  case  every  movement  is 
laid  down  in  the  strictest  proportion,  and  based  upon  calculations  of 
an  absolutely  scientific  character.     Although  it  has  taken  more  than 
a  twelve-month  in  its  production,  and  is  inclosed  in  a  handsome  gold 
case,  it  is  within  the  compass  of  a  pocket  time-keeper.     We  strongly 
recommend  those  of  our  readers  interested  in  mechanical  science,  to  , 
avail  themselves  of  the  opportunity  of  gratifying  their  curiosity  as  to 
•what  is  possible  to  be  effected  by  the  enterprise  of  one  of  our  leading 
"watch  manufacturers. 

*  From  the  Lond.  Mechanics'  Mag.,  June,  1860. 
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On  a  Xcw  Form  of  Chloride  of  Sodium.'^    By  RiniiARD  V.  TusoN, 
Lecturer  on  Chemistry  at  Charing  Cross  ll()sj)ital. 

That  chloride  of  potassium,  -which  ordinarily  crystallizes  in  cubes 
is  nevertheless  often  found  as  an  eflloresccnce  on  various  vegetable 
extracts  assuming  the  acicular  form  is  well  known. 

Hitherto,  I  believe,  the  corrcsj)()n(ling  compound,  chloride  of  so- 
dium, has  never  been  observed  in  needle-shaped  crystals  but  nearly 
always  in  cubes. 

Occasionally,  however,  it  deposits  from  urine  in  octahedra,  and 
when  a  solution  of  the  salt  in  water  is  eva})orated  at  a  temperature 
not  exceeding  14°  F.  it  crystallizes  in  hexagonal  tables  (Ehrenberg) 
which  contain,  according  to  Fuchs,  six  eciuivalents,  but,  according  to 
Mitscherllch,  four  e(piivalents  of  water  of  crystallization.  At  tempe- 
ratures above  14°  F.  these  hexagonal  crystals  lose  their  water  of  crys- 
tallization and  are  resolved  into  a  congeries  of  minute  cubes.  Cldorido 
of  sodium,  it  is  also  stated,  ma}^  be  obtained  in  large  oblicjue  rliombic 
prisms  having  the  formula  NaCl-f-4Ag.  They  elUorcsce  in  air  below 
32°  F.  (Mitscherlich),  deliquesce  (V  effloresce)  in  air  above  82°  F. 
(Fuchs),  and  leave  a  powder  of  small  tubes. 

Lately  on  opening  a  tightly-fitting  tin  box,  in  which  a  quantity  of 
salmon-roe  paste  had  been  allowed  to  remain  for  nearly  three  years, 
it  was  found  that  the  orfranic  matter  was  covered  bv  an  efflorescence 
of  acicular  crystals.  One  of  my  pupils  collected  some  of  these  crystals, 
analyzed  them,  and  pronounced  them  to  consist  entirely  of  chloride  of 
sodium.  As  I  had  never  heard  of  chloride  of  sodium  crystallizing  in 
needles,  their  examination  was  repeated,  but  still  the  same  results 
were  obtained.  Some  of  the  crystals  were  next  dissolved  in  water, 
and  the  solution  produced  submitted  to  spontaneous  evaporation,  when 
the  whole  of  the  salt  deposited  in  the  ordinary  or  cubical  form.  This 
result,  therefore,  fully  confirms  the  conclusions  deduced  from  analysis. 

The  crystals,  some  of  which  are  nearly  half  an  inch  long,  appear  to 
be  rectangular  prisms  terminated  by  four-sided  pyramids.  They  are 
beautifully  clear,  colorless,  transparent,  elastic,  longitudinally  and 
transversely  striated,  and  many  are  bent  or  contorted  in  a  manner 
similar  to  the  native  hydrated  sulphate  of  lime  called  selenite  by  min- 
eralogists. 

The  acicular  crystals  are  anhydrous  and  undergo  no  change  in  form 
or  diminution  in  transparency  when  exposed  to  air  at  ordinary  tempe- 
ratures, or  even  at  a  low  red  heat.  The  needles  of  chloride  of  sodium 
possess  one  property  which  is  a  very  familiar  characteristic  of  the 
cubical  salt,  namely,  that  when  heated  they  decrepitate.  It  is  singular 
to  remark,  that,  at  all  events  as  far  as  we  know  at  present,  the  acicular 
varieties  of  the  chlorides  of  potassium  and  of  sodium  are  only  developed 
in  the  presence  of  organic  matter,  just  as  the  production  of  octahedral 
chloride  of  sodium  appears  to  be  due  to  the  solution  from  which  it  crys- 
tallizes containing  urea. 

Since  writing  the  foregoing,  I  have  observed  an  efflorescence  of 

*riom  the  Lond.  Chemical  News,  Xo.  34. 


208  3Iechanii's^  PliijsicSj  and  Chcnmiry. 

aciciilar   clilorido  of  sodium  on  an  ariiuial   deposit  "wliicli  was   sent  me 
for  analysis,  and  wliicdi   liad  been    originally  mixed  willi  a  solution  of    7. 
common  salt  to  prevent  it  undergoing  i)utrefaction. 


A  Neiu  Kind  of  Bath ^ 

l\r.  Matliiou  (do  la  Drome)  ono  of  tlio  most  eminent  orators  of  the 
^*  INIountain"  in  the  National  Assemblies  of  1848  and  1840,  has  lately 
been  turning  his  attention  to  the  subject  of  medicinal  baths.  A  bath 
by  immersion  rcf[uires  from  two  to  three  hectolitres  of  water,  which, 
in  the  case  of  mere  river  or  spring  waler,  is  of  no  coiise(|uence  as  re- 
gards expense.  But  the  caso  is  far  ditlerent  when  the  water  is  to  be 
imj)regnated  with  medicinal  substances,  some  of  which  arc  very  costly; 
or  when  mineral  waters  are  prescribed,  which  cannot  be  had  in  large 
quantities  without  considerable  outlay,  except  at  the  spring  from  Avhich 
they  are  derived.  ]\1.  Mathieu  (de  la  Drome)  has  therefore  endeavored 
to  ascertain,  both  by  calculation  and  experiment,  what  is  the  real 
quantity  of  water  which  produces  a  useful  effect  on  a  human  body  in 
a  common  bath,  and  has  found  that  it  cannot  bc^  more  than  ihrco  or 
four  litres  in  the  course  of  an  hour.  To  distribute  this  quantity  both 
equally  and  economically  on  the  body  was,  therefore,  the  question  to 
be  solved;  and  he  has  accordingly  invented  an  apparatus,  which  he 
calls  hain  hydrofire.  The  patient  is  seated  in  a  kind  of  box  like  that 
used  for  fumigation,  while  a  powerful  ventilator  outside  transforms  the 
water  which  is  to  be  used  into  a  minute  aqueous  dust  or  dew,  just  as 
"we  see  a  high  wind  do  with  the  water  issuing  from  the  jets  of  a  monu- 
mental fountain.  This  dew  is  driven  into  the  box  through  an  aperture 
on  a  level  with  the  knees  ;  owing  to  the  extreme  minuteness  of  its  par- 
ticles, the  latter  ascend,  and  then  gradually  subside  on  the  body.  In 
a  short  time  these  particles  coalesce  and  trickle  down  the  body,  until 
at  last  the  water  descends  in  an  unceasing  stream.  This  system  has 
now  been  tried  with  great  success  at  the  Hopital  St.  Louis,  and  is  now 
generally  attracting  the  attention  of  medical  men. 

*From  the  London  Engineer,  No.  232. 


The  Specific  G-ravity  of  ^fixtures  of  Alcohol  and  Water. '\ 

After  three  series  of  determinations  which  have  occupied  him  more 
than  a  year,  H.  von  Baumhauer  has  arrived  at  the  conviction  that  the 
specific  gravities  of  mixtures  of  alcohol  and  water,  as  determined  by 
Gilpin,  Lowitz,  and  Gay-Lussac,  are  very  incorrect.  In  the  first  se- 
ries of  experiments  the  mixtures  were  made  by  volume,  but  as  these 
gave  results  so  difi'erent  from  those  generally  received,  the  author  re- 
peated his  experiments  with  mixtures  made  by  weight  as  well  as  by 
measure.  These,  however,  only  confirmed  the  results  previously  ob- 
tained. The  author  started  with  absolute  alcohol  having  a  sp.  gr.  of 
0-7946  at  59°  F.  In  the  second  series,  alcohol  from  another  source 
was  used,  which  had  the  sp.  gr.  0*7947  at  the  same  temperature.  The 
water  used  in  the  experiments  was  distilled  and  carefully  deprived  of 

f  From  the  Lond.  Chemical  News,  No.  18. 
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nir.     After  corrections  for  slight  mistakes,  the  results  obtained  were 
ns  follows  : — 


Alcohol  in  100  of  the 

mixturo. 

!•«!  Scries. 

2d  Serirs. 

100 

O-^^iJQ 

0-7910 

. 

9.-) 

0  8119 

0-8121 

90 

(»  8:h:1 

08-283 

85 

0  si:}8 

0-84  32 

80 

n  8576 

0-8572 

75 

0-87(l8 

0  8708 

70 

08837 

0-8938 

65 

0  89  5  9 

0-8903 

60 

09079 

0  9081 

55 

0  9193 

0-9196 

50 

0-9:U)l 

0  9302 

45 

0-9394 

0-9100 

40 

0-9185 

0-9191 

35 

0  95 ()7 

0-9569 

30 

0-9G35 

0  9636 

25 

0-9693 

0-9696 

20 

0  9716 

0-9747 

15 

0-9799 

0-9800 

10 

0  9855 

0-9855 

5 

0-9919 

0-9918 

0 

0  9991 

09991 

The  Green  Coloring  Matter  of  Leaves."^ 

M.  Fremy  lias  also  studied  the  constitution  and  composition  of  chlo- 
rophyll, which  he  supposes  to  be  made  up  of  two  coloring  matters,  a 
blue  and  yellow,  the  first  of  which  he  names  i^liijllocyanine^  and  the 
second  fliyllo xanthine.  M.  Fremy  discovered  that  by  the  action  of 
some  bases  the  green  matter  of  leaves  is  changed  to  a  beautiful  yellow 
substance,  which  is  easily  dissolved  by  alcohol.  In  this  solution,  hy- 
drochloric and  some  other  acids  will  immediately  restore  the  primitive 
green  color.  To  separate  the  blue  and  yellow  matters,  M.  Fremy  pro- 
ceeded as  follows: — lie  first  placed  in  a  stoppered  bottle  two  parts  of 
ether  and  one  part  of  hydrochloric  acid,  diluted  with  a  little  water, 
and  then  shook  the  bottle  strongly  for  some  time.  He  then  submit- 
ted to  the  action  of  this  liquid  the  body  produced  by  the  decoloriza- 
tion  of  the  chlorophyll,  shaking  them  together  for  some  seconds.  The 
effect  was  very  remarkable.  The  ether  dissolved  the  yellow  matter 
of  the  leaves  and  became  of  a  beautiful  yellow  color,  while  the  hydro- 
chloric acid  reacted  upon  the  green  matter  which  had  been  decolor- 
ized, and  produced  a  magnificent  blue.  The  two  colors  are  thus  iso- 
lated, and,  being  retained  by  two  different  liquids,  cannot  be  mixed  to 
reproduce  the  green  ;  but  if  the  liquids  are  separated  and  the  color- 
ing matters  withdrawn  from  them,  solution  in  alcohol,  which  dissolves 
both,  gives  immediately  a  green  tint  comparable  to  that  of  the  origi- 
nal chlorophyll.  M.  Fremy  entertains  some  reasonable  doubts  whe- 
ther his  phyllocyanine  and  ph^dloxanthine  really  exist  in  vegetables, 

*From  the  Loudon  Cbemical  News,  No.  19. 
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and  proposes  to  continue  and  extend  liis  investigations  on  the  subject. 
The  Avholo  .su])jc*ct  is  very  intore.stin<r,  and  dcaervcs  a  longer  notice 
than  AYC  can  give  in  this  correspondence. 


♦  Vegetdhle  Color in<j  Matters."^ 

^I.  Filliol  lias  hccn  engaged  in  the  examination  of  vegctahle  color- 
ing matters,  and  has  discovered  some  facts  which  he  now  pul)lisiies  as 
briefly  as  possible,  intending  to  give  all  the  details  in  a  longer  memoir. 
There  exists  in  nearly  all  llowers,  says  M.  Filhol,  a  substance  which 
is  scarcely  colored  when  in  solution  in  acid  li(|uids,  but  which  becomes 
of  a  beautiful  yellow  color  when  acted  on  by  alkalies.  Tliis  substance 
lias  the  following  properties.  It  is  solid  and  of  a  slightly  greenish- 
yellow  color.  It  is  uncrystallizable,  soluble  in  water,  alcohol,  and 
ether,  and  not  volatile.  \Vhen  moistened  with  strong  hydrochloric 
acid,  it  takes  a  bright  yellow  tint  which  immediately  disappears  when 
the  mixture  is  diluted  with  water,  leaving  an  almost  colorless  solution 
to  which  alkalies  communicate  a  yellow  color.  The  matter  is  found 
in  the  green  parts  of  plants  as  well  as  the  flowers,  and  is,  no  doubt, 
thej^ellow  dye  found  in  the  leaves  of  various  plants.  M.  Filhol  adopts 
the  name  given  to  it  by  Hope,  and  calls  it  Xantliogene.  Mosses,  he 
says,  do  not  contain  it,  or,  at  most,  only  a  trace.  It  is  also  absent 
from  some  flowers,  among  others  the  Pelargonium  Zonale,  and  inqui- 
nans  Fapaver  rheas,  Camellias  and  Salvias.  These  flowers  under  the 
influence  of  alkalies  become  blue  or  violet  without  the  least  mixture 
of  f]^reen.  The  colorlnn;  matter  of  these  flowers  is  much  less  alterable 
under  the  influence  of  air  and  alkalies  than  that  of  most  other  flowers. 

Chemists  who  have  examined  yellow  floAvers,  have  proved  that  they 
owe  their  color  to  several  immediate  principles  ;  among  others,  xaii- 
tldne  and  xantlieine.  The  author  has  discovered  xantlcine  in  fruits  as 
•well  as  flowers. 

*rrom  the  Lond.  Chemical  News,  No.  19. 


On  the  Density  of  Saturated  Steam,  and  on  the  Law  of  Expansion 
for  Superlieated  Steam.]'     By  William  Faikbairn,  F.  R.  S. 

At  the  last  meeting  of  the  British  Association,  I  detailed  a  new 
method  of  ascertaining  the  specific  gravity  of  vapors,  which,  in  con- 
junction with  my  friend  Mr.  Tate,  I  Avas  employing  with  a  view  to  as- 
certain the  density  of  steam  at  all  temperatures.  It  may  be  of  interest 
to  the  Association  to  know,  that  I  believe  the  method  to  have  proved 
itself  reliable,  and  that  we  have  now  experimental  determinations  of 
the  density  of  steam  ;  and  these  fully  verify  the  anticipations  of  Mr. 
Thomson  and  Mr.  Rankine,  that  the  vapor  of  water  does  not  accu- 
rately obey  the  gaseous  laws.  We  have  found  the  density  of  saturated 
steanr  always  greater  than  that  given  by  the  gaseous  steam,  even  for 
temperatures  as  low  as  136°  Fah.,  and  for  pressures  less  than  that  of 
the  atmosphere. 

t  From  the  Lond.  Civ,  Eng.  and  Arch.  Journal,  Aug.,  1S60. 
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The  oxpiM-inionts  as  they  stand  at  ])res('iit  extend  over  a  ran;:e  of 
tenipi'iature  iVoin  l:Ui°  to  1^1*-^  Fall.,  or  from  liO  to  GO  llts.  prosiire 
per  s(|uare  iiicli.  lint  as  >ve  li()j)e  to  extend  tlieni  to  liiirlicr  pi-essures, 
1  have  preferred  to  leave  at  present  the  consideration  ot  tht-ir  hearin;^ 
on  t)llier  I'orniulie,  and  the  nltiinale  ;^eneralization8  to  which  they  may 
lead  in  re<j:ard  to  tlie  nse  ot"  stram.  The  following  simjjh'  lormula, 
Jiowi'Ver,  very  nearly  ex])resse.s  the  results  of  the  exj)criments  as  to 
the  (U'n.^ity  and  j)ressiiro  of  saturated  steam,  the  I'elation  hetweeu 
])ressure  and  tenij)erature  havin^j;  been  already  determined  with  scru- 
j)uh)us  accuracy  by  the  elaborate  investigations  of  Reirnault. 

lict  V  be  the  s})eciiic  volume  of  the  steam,  or  vtdumc  as  com|>Mred 
"vvith  that  cd'  an  e([Ual  weight  of  water;  r  =  the  [)resburc  in  inches 
of  mercurv.      Then  1  find 

v=25-G2  +  ±^^li 

Table  of  Results,  showing  the  lirlotinn  of  Densittj  and  Pressure  of 

iSaturuted  iStcaiu, 


Xo. 

Pressure. 

Tcniprraturo, 
l-'iiUreiihcit. 

Specific  volume. 

Proportional 
error  <pf 
formula. 

In  ft)s.  per 
stjuare  inch. 

In  inches  of 
nuTciiry. 

From  exjHsri- 

llK'Ilt. 

formula. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

2-6 
43 
4-7 
6-2 
6-3 
6-8 
8-0 
91 
11-3 

5-35 

862 
9  45 
12-47 
12-61 
13-62 
16  01 
18-36 
22  88 

136-77 
15533 
159-36 
170  92 
171-48 
174  92 
182  30 
188-30 
li)8-78 

8206 
5326 
4914 
3717 
3710 
3433 
3046 
2620 
2146 

8183 
5326 
4  900 
3766 
3740 
34  78 
2985 
2G20 
2124 

-f-    1-100 
0 

—  1-350 
4-    1-74 
4-    1-123 
-1-    1-76 

—  1-50 

0 

—  1-97 

1 

o 

3 

4 
5 
6 

7 
8 
9 
11 
12 
13 
14 

26-5 
27  4 
27-6 
33-1 
37-8 
40-3 
41-7 
45-7 
49-4 
51-7 
55-9 
60  6 
56-7 

53  61 

55-52 

55-89 

66-84 

76-20 

81-53 

81-20 

92-23 

99-60 

104-54 

112-73 

122-25 

114  25 

242-90 
244  82 
245-22 
255-50 
263-14 
26721 
269-20 
274-76 
279-42 
282-58 
287-25 
292  53 
288-25 

941 
906 
8*1 
758 
648 
634 
604 
583 
514 
496 
457 
432 
448 

937 
906 
900 
758 
669 
628 
608 
562 
519 
496 
461 
428 
456 

—  1-235 

0 
-1-    1-100 

0 
+    1-32 

—  1-100 
+    1-150 

—  1-29 
-f    l-IOO 

+   1-114 

—  1-108 
+    1-56 

The  above  table  exhibits  accurately  the  results  at  which  -we  have 
arrived  in  regard  to  saturated  steam  ;  we  have  also  obtained  some  re- 
sults on  the  rate  of  expansion  of  superheated  steam.  These  results 
are  at  present  less  complete  than  those  upon  saturated  steam,  as  they 
do  not  range  more  than  20  degrees  of  temperature  in  each  case  above 
the  maximum  temperature  of  saturation.  They  appear,  however,  to 
show  conclusively,  that  near  the  saturation  point  steam  expands  very 
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irrregularlj,  thus  agreclnf^  witli  what  avc  know  of  otlier  bodies  In  their 
physical  relations  at  or  near  tlic  point  at  which  they  change  their  state 
of  aggregation.  Close  to  the  saturation  point  we  iind  a  very  high 
rate  of  expansion,  but  this  rapidly  declines  as  the  steam  superheats, 
and  at  no  great  distance  above  it  the  rate  of  expansion  nearly  approxi- 
mates to  that  of  a  perfect  gas. 

Thus,  for  instance,  in  Experiment  G,  where  the  point  of  maximum 
saturation  was  174-92,  between  this  and  1(S0°  the  steam  expanded  at 
the  rate  of  yjg,  whereas  air  would  have  expanded  534  ;  but  on  con- 
tinuing the  superheating,  the  co-eflicient  was  reduced  between  180° 
and  -00°  iVom  ,  Jq  to  gj^,  and  for  air  the  co-efficient  Avould  have  been 
gjg,  or  almost  exactly  the  same:  and  this  rule  holds  good  in  every 
experiment;  a  high  rate  of  expansion  close  to  the  saturation  point 
diminishing  rapidly  to  an  approximation  to  that  of  air. 
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AMERICAN  PATENTS  ISSUED  FROM  JULY  1,  TO  JULY  31,  1860. 


Air  or  Gasos, — Exhausting  R.  W.  Sievipr, 

Anchors, —  Appa's  i'or  Working    Angus  Camphell, 
Aniline  Colors, —  Preparation  of  Joseph  Ketiard, 


Awning  Fixtures, 

Axe  Helves,— Metal  Cap  for 

Axles, — Car 

Axletrees, — Setting 

Bandages, — Catamenial    . 
Battery, — Chain  Shot 
Bed  and  Chair, — Combined 
Bed  Cord, 

Bedstead, — Secretary 
Bee-hives,  . 


Belt  Lacing 

Bench  Hook, 

Bending  Wood, — Machine  for 

Blind  Slat  Machine, 

Boat-lowering  Apparatus, 

Bone  Black, — Washing    . 

Boots  and  Shoes, 

, — Heel  for 

Bowls, — Making  Wooden 
Brake, — Horse-power 
Brake, — Self-acting  sileigh 
Brake, — Wagon,    . 


Brakes, — Railroad 
Bread, — Manufacture  of 
Brick  Machines, 


Bridle  Bits, 
Broom, 

. or  Brush, 

Buckles, 


Edward  Peach,    . 
A.  W.  Porter 
Wm.  Phelps, 
Arvin  &  Perkins, 

Dahis  &  Doermer, 

C.  B.  Thayer, 
G,  A.  Keene,        . 
Stephen  Alhro, 
George  Gage, 
Nathan  Brasher, 
Matthias  M'Gonnigle, 
H.  A.  Alden, 
Russel  Frisbie, 
Seidle  &  Eberly, 
Johnson  &  Doyle, 
Flowers  &  Patton, 
Chas,  Kinzler, 
N.  Vj.  Lewis,  Jr., 

D.  E.  Somes, 
Simonds  &  Goodspeed, 
Harvey  &  Becker, 
Jicob  Dutr'ber, 

J.  H.  H.  Bennett, 

H.  W.  Norville, 

C  F.  Langford, 

Benjamin  Garvey, 

L  M.  Gattman,     . 

James  Hotchkiss, 

W.  F.  and  W.  R.  Johnson, 

Langdon  &  Weitman, 

J.  H.  Power,        . 

S.  S.  Hartshorn,  . 

John  Tiebout, 


U.  llolloway, 

Jersey  City, 

Lyons, 

Ulica, 

St.  Johnsville, 

Sycamore, 

Valparaiso, 

Brooklyn, 

Boston, 

Lynn, 

Buflalo, 

Kendall's  Mills, 

Green  Fork, 

Alleghany, 

Matteawan, 

MiiUlletown, 

Mechanicsburg, 

Wetumpka, 

Bangor, 

City  of 

Boston, 

Biddeford, 

]judlow, 

Amsterdam, 

Gibson, 

Hunt's  Hollow, 

Livingston, 

Fall  River, 

City  of 

Cincinnati, 

Yellow  Springs, 

Wetumpka, 

Hazleton, 

Middletown, 

]\ew  Haven, 

Brooklyn, 


Enirl'd,  17 
N.  J.  3 
France,  31 
N.  Y.  31 
Vt.  17 

III.  3 

Ind.         17 


N.  Y. 
Mass. 

N.  Y. 

Me. 

Ind. 

Penna. 

N.  Y. 

Conn. 

Penna. 

Ala. 

Me. 

N.  Y. 

Mass. 

Me. 

Yt. 

N.  Y. 

Penna. 

N.  Y. 

Ala. 

Mass. 

i\.  Y. 

Ohio, 

Ala. 
Iowa, 

<4 

Conn. 
N.  Y. 


31 
24 

3 

3 
24 
31 
31 
31 
10 
10 
31 
24 
10 
24 
24 
31 
24 
24 
24 
24 

3 
17 

3 
17 
24 
17 
10 
24 
24 


American  J\i(ents  y/iitJi  issued 


Rurclar  Alunn, 
lintUT  W'oikiT, 

CaMos — Surup-rolievcr  for 

(^JaltMxliir. —  INukot 

(>:iii(ll«>s, — App  iiatus  for  .Moulil'j; 

Cundlfstick, 

Car  lUxlit's  with  Trucks, 

Carpot-swcoper, 

Cnrriai^e  Body, 

'J'ops, — Movable 


A.  H.  lOiiliolin, 
('.  A.  Itoviiton, 


Cart  rid  trc  Case, 
Cartridges, 

, —  PackiiiG^ 

Casting, — Moulils  for 
Center-board  V'essi«ls, — Const r'n 

for  Vessels, 

Cbinincv  Cap, 

Chimneys, 

Churn, 


Clap-hoardin?  Case, 
Clolhos-franie, 


Clocks, — Pendulum 

Cocks, 

ColVco  Pots, 


Condensing  Apparatus, 

Condensers, 

Copper  Vessels, — Planishing 

Corn  Planters, 


Shellers,  . 

Staiks,— Shocking 

Cotton  Bale  Fastenings,  . 

Ties, 

Pickers, 


Seed  Hullers, 
Planters, 


Couplings, — Car 


for  City  R.  R.  Cars, 
R.  R.  Cars, 


of  Thills  for  Axles, 


Cracker  Machine, 

Cranes, 

Cultivators, 


.lanieK  Biniihani, 
II.  C.  F.>ote. 
(J.  A.  Stanley, 
J I    I''.  KojicrH,       . 
(;.  S.  .Mo.>re, 
Daniel  IIcsh,         . 
Kriis!  Kirsrh, 
J.  ><.  Melclicr, 
J    I*.  I.iiitlKay, 
B.  B.  Hutclikiss, 
(christian  JSharps, 
S.  A.  Corscr, 
Ketcliiun  <fc  Hunt, 
Daniel  (r.  (Jerard, 
T.  J.  Fitzpatrick, 

B.  W.  Taber,       . 
licvi  Bissell, 
N.  B.  ('oo[)cr,      . 
John  Rair, 
John  Park, 
Sherman  &  Fenwick. 
11.   1).   Vandrrcook, 
('.  A.  Ijoyiiloi), 

C.  J.  F'erpuson,    . 
Asa  GreeTiwood, 
Wm.  Hathaway, 
G.  M.  Phelps, 
Barton  Pickering, 
John  Uonley, 
George  Neilson, 
G.  S.  G.  Spence, 
A.  C.  Brown, 
H.  Kay  &  T.  Avery, 
Samuel  Avery,     . 
F.  A.  Goddard, 
John  Price, 
Christopher  Smith, 
T.  J.  Newland,    . 
S.  B    Lawrence, 
T.  Mclntire, 
Z.  VV.  and  E.  D.  Lee 
John  Griffin, 
Lewis  Jennings, 
P.Martin, 
Zina  Doolittle, 
J.  P.  Mendenhall, 
L  W.  Van  Houfen, 
Collyer  &  Patterson, 
Otis  Hood,  Jr., 
Thorp  &  ^hurtleff, 
John  McDermott, 
Robert  Morrison, 
James  Sadler, 
Cyrus  Marsh,  2d, 
J.'T.  Smith, 
Agnew  &  Morrison, 
Ephraim  Briggs, 
Council  Clark, 
Ezra  Emmert, 
Z.  W.  and  E.  D.  Lee, 


in  Juhj,  ISGO. 
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Si.  I.onin, 

Mo. 

3 

Hydi-  Park, 

Vi. 

17 

Philadelphia. 

IVnna 

.   2i 

Mc(iaheVHvillp 

,  Va. 

17 

('levelatid, 

Ohio. 

:u 

S.  ManebeKter 

('onn. 

2i 

Alexandria, 

Va. 

:< 

West  Dnion, 

Iowa, 

10 

JVew  Haven, 

('onn. 

:u 

Albany, 

N.  V. 

10 

Cily  of 

" 

24 

Sharon, 

Conn. 

10 

JMlila.ielphia, 

Peiina 

.    10 

Northampton, 

Mass. 

10 

l^ort  Jeir.rson, 

N.  Y. 

10 

Patchogue, 

It 

3 

New  Orleans, 

La. 

24 

Quaker  Street, 

N.  Y. 

24 

N.  Bergen, 

k( 

10 

Gratis, 

Ohio, 

3 

Eden, 

N.  Y. 

17 

Joliet, 

III. 

31 

,           Union  Town, 

Md. 

31 

Maisball. 

Mich. 

17 

Hyde  Park, 

Vt. 

3 

Cily  of 

N.  Y. 

17 

Toulon, 

III. 

17 

Providence, 

R.  I. 

3 

.         Troy, 

N.  Y. 

10 

Dayton, 

Ohio, 

24 

Warsaw, 

III. 

24 

Boston, 

Mass. 

24 

u 

<( 

31 

Philadelphia, 

Penna. 

10 

Jr.,     Brooklyn, 

N.  Y. 

17 

Pisgah, 

Mo. 

10 

liexington. 

III. 

31 

Harrison, 

Ohio, 

10 

Nauvoo, 

III. 

31 

VVolcott, 

Vt. 

17 

Hookstown, 

Penna. 

24 

Franklin  Furn. 

Ohio, 

17 

Blakely, 

Ga. 

3 

Louisville, 

Ky. 

3 

Brooklyn, 

N.  Y. 

31 

New  Orleans, 

La. 

31 

Perry, 

Ga. 

10 

Farmington, 

III. 

31 

Philadelphia, 

Penna. 

3 

ti 

n 

17 

Turner, 

Me. 

17 

i( 

t( 

17 

Washington, 

D.  C. 

24 

Rahway, 

N.  J. 

24 

Egremont, 

Mass. 

24 

Natchez, 

Miss. 

24 

Portsmouth, 

Va. 

10 

Chadd's  Ford, 

Penna. 

10 

Medina, 

Ohio, 

17 

Andersonville, 

Ga. 

3 

Franklin  Grove, 

III. 

31 

Blakely, 

Ga. 

31 
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Cultivators, 


-, — Cotton 


Cuitaiii  Fixturo,    . 
Cylinders, — 'J'urning 

Distillini^, — Appa's  for  boilinir  & 

Sea-water, —  Appa's  for 

Ditciiing-  Machine, — Mole 

Door  Plate, —  Index 

Dou^h, — Rollers  for  Pressinjj 

Dovetailing  Machines, — Cutters 

Drain  Tiles, 

Dredging  Apparatus,  . 

Drills,— Ratchet     . 

. ,-Rock 

Drilling  Machines, — Rock 

Engraving  Copper  Cylinders, 
Excavating  Machines, 
&  Grading  Machine, 

Fan  Blowers, 

Fares, — Machine  for  Registering 

Fats, — Machines  for  Cutting 

, — Appa's  for  Rendering 

Faucets, 

Felly  Machine, 

Fence  Posts, — Socket  for 

— —  Rails, — 

Fences, — Portable 

Files, —  Machines  for  Cutting 

Filters, 

Fire, — Protecting  Buildings 

Fire  Arms, — Breech-loading 


-Revolving 


Fire-place  and  Chimney, 
Fire  Pokers, 
Flour  Chest, 
Flower  Stands, 
Fluting  Apparatus, 
Fly  Trap, 
Food, — Preserving 
Foot-cleaner, 
Fruit-drying  Apporatuses 
Friction  Wires, — Making 
Furnaces,  —  Air 
, — Hot-air 

Garments, — Fastening  for 
Gas, — Apparatus  for  Generating 

Generators,  , 

Meters, 
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J.  B.  liivezey, 
JiOHlutter  &  Woicott, 
Harrison  Oghorn, 
T.  H.  Dodge.        . 
Richard  J.  (iatling, 
J.  A.  HartsfH-ld. 
Jlinnr.in  tSc  French, 
Ifitrell  <^  Ivey, 
Jesse  Speer, 
G.  W.  N.  Yost,    . 
Win.  Cleveland, 
Gideon  Sihiey,     . 

VVm.  HolTtnire, 
G.  S.  G.  Spencer, 
Josiah  liodu;son, 
Nathan  Ames, 
Rice  &  Hay  ward, 
John  Bell, 

E.  W.  Rowe, 
'J\  A    Bryan,        • 
L.  R.  Billard, 
(^ushm;in  &  French, 
Francis  Schvvalm, 

B.  L.  Philips,      . 
G.  S.  Manning, 
P.  T.  Mayne,       . 

Henry  Sweetappic, 
M.  W.  Helton,    . 
W.  E.  Boulger, 
Tom  pert  &  Coyle, 
James  Fhittery, 

F.  W.  Mallett,     . 
Blood  &  Miller, 
Christian  Yost,    . 
W.  M.  Wallace, 
Etienne  Bernot,  . 
J.  C.  Cook, 
John  Fitch,  . 
S.  M.  Andrus, 
M.  J   Gallager,    . 
R.  F.  Cook, 
Ethan  Allen, 

C.  R   Alsop, 
A.  J.  Gibson, 
Daniel  Hemingway, 

G.  R   Moore, 
I.  R.  Shank, 
H.  J.  Coster, 
G.  B.  Arnold  &  others, 
H.  H.  Ri)bertson, 
W.  A.  Keeler, 
Shaler  &  Rogers, 
A.  C,  Lewis, 

D.  J.  Ferry, 
Keller  «fe  Young, 
Ernst  &  Shepard, 

C.  W.  Baldwin, 
Alexander  Schwaninger, 
C.  N.  Tyler, 
John  Schatt,        . 


Clarksboro',  N.  H.  10 

Rising  Sun,  Ind.  31 

(Jreenfork,               "  10 

Washington,  D.  C.  17 

Indianapolis,  Ind.  3 

Kinsi(ui,  N.  C  17 

Watertown,  Mass.  10 

Dawson,  Ga.  17 

Hazlehurst,  Mass.  31 

Yellow  Springs,  Ohio,  17 

City  of  N.  Y.  24 

Troy,                          «  3 

San  Francisco,  Cal.  31 

Boston,  Mass.  3 

N.  Michigan,  III.  24 

Saugus  (Jenter,  Mass.  31 

Providence,  R.  I.  3 

Harlem,  N.  Y.  10 

Brewer,  Me.  .3 

Queenstown,  Md.  6 

Norfolk,  Va.  31 

N.  Bloomfield,  Cal.  3 

Joliet,  III.  3 

Providence,  R.  I.  3 

Springfield,  111.  17 

Keosauqua,  Iowa,  17 

Napa,  Cal.  31 

Bloomington,  Ind.  24 

Janesville,  Wis.  3 

Louisville,  Ky.  .3 

Brooklyn,  N.  Y.  24 

New  Haven,  Conn.  17 

Newport,  N.  H.  3 

Intercourse,  Penna.  3 

Cameron,  111.  3 

Paris,  France,  24 

Middletown,  Conn.  10 

Seneca  Falls,  N.  Y.  10 

Bellevue,  Mich.  10 

Savannah,  Ga.  17 

Potsdam,  N.  Y.  24 

Worcester,  Mass.  3 

Middletown,  Conn.  17 

Worcester,  Mass.  10 

Covington,  Ky.  17 

Pittsburgh,  Penna.  24 

Buffilo,  Va.  24 

Chicago,  111.  17 

City  of  N.  Y.  24 

Kingston,  Mo.  3 

City  of  N.  Y.  31 

Madison,  Conn.  31 

Burlington,  Mich.  31 

Philadelphia,  Penna.  24 

Cincinnati,  Ohio,  17 

Milwaukie,  Wis.  17 

Boston,  Mass.  3 

Milwaukie,  Wis.  24 

Washington,  D.  C.  24 

Philadelphia,  Penna.  24 


Amcruiin  J\itc)its  which  isautd  in  July^  lbl»0. 


"7  •» 


Gns  Pipra, 

and  Water  Pipe  Joint, 

-^~  Ivr^ulittois, 
lor  Iv.  K.  (.'ars, 


^\  in.  JSt»'i>liruR()n,         .  fialiori, 

(;.  \V.  UIm'II,         .  Nrvv  llavon, 

'J'lu's.  iV  CliiiK.  CliompioM,  \\  asliin^toii, 


'J'ubes, —  Floxiblo  Joints 

(Jatos, 

(ioar  of  Vohich's, 

Cilass, —  Manutarlurc  of 

Furnaces, 

Cioltlt'ts, —  Moulds  for 


Ciloln's, 


-, — School, 


Grain  liiiulcrs, 


Cradles, 
Separators, 


A.  li.  I'liillippi.  . 
Antlionv  Sir.itlon, 
(i.  i:.   Hak.M, 
liicliard  Murdoch, 
Horace  'J'runihull, 
J.  M.  llav. 
A.  J.  Su  ccncv,    . 
James  Monleitli, 
J.  K.  At;n«'\v,         . 

Suspending     James  Monleitli, 
J.  S.  Hie  key, 
.  'J'homas  Courser, 

E.  D.  Wllcnx,       . 
Georf^e  Arrow  smith, 
Cornelius  lieri;en, 
'JMiomas  10a  I  hart, 
John  C.  Urejiur,   . 
A.  J.  Vandergrift, 

, — Governor     L.  U.  Lane, 


-, — Scouring  &  Separat'g    Matthew  liarthoiomew, 
-, — 'JMiresliing  &  Cleaning  Ira  Hart,  . 

-  Winnowing  Machines,      Uean  &  Wright, 


Grate, — Furnace     . 
Grates, — Stove 

, and  Furnace 

Gridiron, 

Grindstones, — Center  for  Shaft 

Handle  to  Picks,  &c., 
Harmoneons, 
Harness  Buckle, 
Harrows, 
Harvesters, 


C.  F.  Cory, 

D.  H.  Nation, 
John  V.  13.  Carter, 
Brooks  &  G rover, 
David  Huiman,    . 

J.  n    Fisher, 

H.  W.  Smith,      . 

.f.  W.  Covcl, 

L.  (J   Gillespie,    . 

C.  B.  BrinckerholT, 

B.  A.  Jenkins,     . 


of  corn  &  sugar-cane,  G.  W.  N.  Yost, 


Harvesting  Machines, 


Hat  Bodies, — Forming 

Ventilators,   . 

Hay  Racks  for  Carts, 

, — Teeth  for  Scattering 

Hemp  Brakes, 
H  ides, — Preparing 
Hinges, — Spring 
Hoisting  Apparatuses, 
Hominy  Machines, 
Hook, —  Mousing  . 
Horse  Collars,  . 

Horse-shoe  Machine, 
Horses, — Shoeing 
Horse-shoes, — Making 
Horse-stalls, — Attachment  of 
Horses  from  Cribbing, 


J.  N.  Bowman, 
J.  H.  Rihle, 
Wm.  Wilmington, 
Piatt  &  Wildman, 

F.  H.  Bell, 

H.  R.  Hawkins, 
J.  C.  Stoddard,     . 
E.  W.  Lacv, 
A.  D.  Lufkin,      . 
Abram  Acker, 
John  Lemraan,    . 
John  Gehr, 
Hjalmar  Wynblad, 

C.  J.  Fisher, 
Joseph  Uesnos,    . 

G.  R.  Stevens, 
H.  A.  Wills, 

D.  S.  Neal, 
Bishop  &  Low,   . 
Elisha  French, 


Fire, — Rescuing 

Vehicles, — Detach'g  A.  B.  Johnson  &  oth 

J.  M.  Roberds, 

Hot  W  ater  Apparatuses,  Henry  Humphreyville 

Ice-breaker,  .  C.  W.  Chapman, 

Ice-pick,  •  J.  T.  Van  Kirk, 


Ivi  aiiniL^, 

Brookl  V  n, 

^^'Huke^an, 

Baltimore, 

Ji  rsey  City, 

W  inflow, 

W  lieeling, 

City  of 

Philadelphia, 

City  of 

Pike, 

I'rinceton, 

Billingham, 

Lock|)(»rt, 

Farmer, 

Donelson, 

Hillsl)oro\ 

St.  Louis, 

Freeport, 

Enterprise, 

(Clarksburg, 

Hudson, 

Lebanon, 

Albany, 

Rochester, 
Berea, 

Placerville, 

Boston, 

Bangor, 

Denmark, 

Balavia, 

Whitewater, 

Cincinnati, 

Brockport, 

Somerset, 

Toledo, 

Danbury, 

Washington, 

Akron, 

Worcester, 

Oak  Park, 

Cleveland, 

Ramapo, 

Cincinnati, 

Clear  Spring, 

W.  Hoboken, 

AVawkou, 

Troy, 

Clarksville, 

Keeseville, 

Lynn, 

Warren, 

Braintree, 

ers,     Clarksville, 
Plaisance, 

,  Jr.,  Strasburg, 

Hartford, 
Philadelphia, 


Ohio. 
Conn. 
D.  ('. 
Penna. 
N.  V. 
111. 
Md. 
N.  J. 

Va. 
N.  V. 

I'etina. 
N.  V. 
III. 

Mass. 
IS'.  V. 

'I'enn. 

Ohio, 

Mo. 

III. 

P'^nna. 

Va. 

Mich. 

III. 

N.  Y. 


Ohio, 

Cal. 
Mass. 
Me. 
'IVnn. 
N.  Y. 
Wis. 
Ohio, 
N.  Y. 

Ohio, 

>( 

Conn. 

D.  C. 

Ohio, 

Mass. 

Va. 

Ohio, 

K.  Y. 

Ohio, 

Md. 

X.  J. 

Iowa, 

i\.  Y. 

Mo. 

.N.  Y. 

Mass. 


Mo. 
La. 


10 
21 
'i\ 
M 
10 
21 
10 
3 
2t 

21 

21 

21 

17 

10 

24 

10 

31 

21 

17 

24 

17 

24 

31 

24 

24 

24 

24 

24 

31 

17 
3 
31 
10 
10 
10 
10 
10 
10 

3 
31 
10 
10 
24 
31 
31 
17 
17 
17 

3 

17 
31 

3 

3 
24 
31 
31 

3 
24 


Penna.    24 

Conn.       3 
Penua.    1 7 


27G 


-  for  IiOr(iiiiolivcs,  . 
-, —  Mien  (Jhiinin'V  Tor 
-,  —  Vapor 


Liitli(>, 

I^nth  Machine, 

Leather, —  Machs.  for  Crimping 

, — Skiving 

Lcinon-s(|iio(''/,er, 

Jjij:;  liming- rods.  — Construction 

Lights  for  Sliips, — Side 

• . — Street 


American  Patents 

James  Adair, 
Wni.  I''ulton. 
Sumner  Sargent, 
John  Schley, 
L  W.  Taher, 
J.  T.  Van  Kirk,  . 
James  Radh-)', 
J.  Y.  Ilnmphreyg, 
Eraslus  (Jrooker, 
I.  V^an   IJunschotcn 
Milton  Hoherts, 
H.  J.  Gatling, 
Horace  Wing, 
W.  S.  Williams, 
L.  S.  Cliichester, 
J.  M.  Patterson, 
Enoch  Midden, 
J    H.  Kalh. 
C.  E.  Brown, 
Calvin  Adams, 


Lock, 

Locks, — Door 

Locomotive  Engines, — Exhaust  John  Dykcman, 

Looms,  .  \,.  R    VVattles,     . 

,— Pattern  Chain  for  B.  II.  J.nks. 

Lubricating  Compound,  Radspiiuifr  &  Moss, 

Pistons,  .  Benjamin  CJarvcy, 

Purposes, — Compo.  C.  Chiiterling,     . 


Mattress  and  Bed, 
M»     -cutter, 


Meat-cutters, —  Cylinders  for 
Melodeons, 


Mills, 

Mill  Bushes, 

Mills, — Corn  and  Cob 

Millstones, — Dressing 


r.  Elder, 

Louis  Bonnet, 

J.  (J.  Perry, 

S.  R.  Plumb, 

S.  n.  Jones, 

C.  J.  Van  Oeckelen, 

Wm.  Joslin, 

A.  H.  Wagner,    . 

J.  G.  Shafer, 

S.  A.  Briggs, 

M.  H.  Bacon, 


Mills, — Grinding 

Mop  Head, 

Mortising  Machine, 

Motion  to  Machinery, — Transf.    Wm.  Phelps, 


G.  Z.  Hockenburry, 
Martin  Shirk, 
Ruof,  Heupel,  &  Leuthy, 
James  Doty,  Jr., 
Eleazar  Coffin, 


Motive  Power, 


-Obtaining 
-Steam  for 


Mowing  Machines, 


Needle  Threaders, — Casting 
Nail  Brush, 

Odometers,  . 

Oil  Cans,  , 

, — Distillation  of  Coal 

Feeder, 

Oils,— Fish 

Ordnance, — Projectiles  for 

, — Repeating 


Towsley  &  Matteson, 
Jacob  Pringle, 
J.  W.  Durham, 
A.B.Allen, 
Frederic  Gardiner, 
J.  W.  Shipman,  . 
F.  W.  Warner, 

S.  S.  Burlingame, 
Wm.  Thomson, 

A.  T.  Howard,    . 
James  Jackson,  Jr., 
Benjamin  Garvey, 
Jo.shua  Turner, 
Wm.  D,  Hall,      . 

B.  B.  Hotchkiss, 
J.  A.  Matthews, 


Pittsburgh,          Penna.  31 

Cranberry,            N.  J.  24 

Waterlown,         Mass.  24 

Savannah,            Ga.  24 

New  Bedford,      Mass.  17 

IMiiladelphia,       Penna.  17 

(^ilyof  N.  Y.  31 

Philadelphia,       l*enna.  17 

Bulfalo,  N.  Y.  10 

City  of                     '«  31 

Worcester,  Mass.  10 

Indianapolis,  Ind.  10 

Buffalo,  N.  Y.  31 

Lynn,  Mass.  31 

City  of  N.  Y.  3 

Woodbury,  J\'.  J.  31 

City  of  N.  Y.  10 

Charleston,  S.  C.  31 

Bridgeport,  Conn.  10 

Pittsburgh,  I'eiina.  .3 

Greenbush,  N.  Y.  3 

Newton,  Mas.s.  31 

Philadelphia,  Penna.  24 

N.  Richmond,  Ohio,  3 

City  of  N.  Y.  17 

Dunkirk,                  "  24 

Winnsboro',  S.  C. 

City  of  N.  Y. 

S.  Kingston,  R.  I. 

Southington,  Conn. 
Jamaica  Plains,  Mass. 


City  of 

Cleveland, 

Staunton, 

Fulton  CO., 

Philadelphia, 

Mystic, 
« 

Pittsburgh, 
Lancaster  co.. 


N.  Y. 

Ohio, 

Va. 

Penna. 

(( 

Conn. 
(( 

Penna. 


West  Falls,  N.  Y. 

Indianapolis,  Ind. 

Sycamore,  111. 

City  of  N.  Y. 

Summer  Hill,  Penna. 

Durhamville,  Tenn. 

City  of  N.  Y. 

Gardiner,  Me. 
Springfield  Cen.N.  Y. 

E.  Haddam,  Conn. 

Warwick, 


Buffalo, 

Hartford, 
Westerly, 
City  of 


R.  L 
N.  Y. 

Vt. 
R.  L 

N.  Y. 


Carabridgeporl,  Mass. 
Hamden,  Conn. 

Sharon,  " 

St.  Louis,  Mo. 


10 

24 

31 

31 

3 

3 

3 

31 

3 

3 

10 

31 

24 

24 

3 

17 

17 

3 

24 

24 

17 

24 

31 

24 

31 

24 
31 

3 

31 
17 
31 
17 
24 
31 


American  Patents  which  issued  in 


Ore  Sopamtor, 
^"■^"^■^^""^"-^^—^        • 

Paidt  (""an, 

Paciloc-k, 

Pa|)('r  Pulp, —  Mniiufaclure  of 

Pawl  and  Hatchet, 

Pegging?  Jacks, 


Pen  and  Poncil  Case, 

Iloldor, 


JSariiurl  Man, 

£.  L.  Soy  incur,    . 

J.  W.  Mnsury, 
lioos  A:  Spofhr,  . 
KbiMuzrr  CUmuo, 
E     P.  Rush,!,        . 
Ephraiiu  Fivcrson, 
K.  It    HiirlDvv, 
G.  E.  Frew, 
Jonathan  Warren, 


Piano-forte  Action, 
Pianos, —  Bridyos  for 

, — 'I'uning 

Picture  Frames, — Enameling 
Pins, —  Maiiulacture  of 
Planiuij  Machine, 


Plotting  Instrument, 
Ploughs,  • 


-, — Ditching 


-,— Gang 


-, — Capstani 


, — Mole 


-, — Steam 


Photographic  Paper, — Silvering    'J'hoinpson  &  Wheaton, 
Piano-forlos,  .  J.U.Fischer, 

G.  H.  Hulskamp, 

F.  W.  Nichaus,  . 
Win.  (Jouipum, 
J.  B.  Morris,         . 
John  Sp<"rry, 
T.  and  Uc  G.  Fowler 
Benaiah  Fills, 
VV    N.  Manning, 
Samuel  Barnett, 
E.  B.  Clark, 
Wm.  GrilHn, 
Loure  CJroen,        . 
M.  C.  MrCullers, 
H.  H.  Rohcrison, 
Jainos  Brooks, 
Elias  Forbes,         . 
T.  S.  Hepiinstall, 
J.  C.  Wilson,       . 
A.  M.  Karr, 
C.  W.  Stafford,   . 
T.  H.  Burridge, 
J.  B.  Morris, 
H.  L.  Bennett, 

G.  C.  Bartloit,     . 
Daniel  De  Garmo, 
Charles  Disston, 
Henry  Mason, 
H.F.  Hicks, 
I   S.  Arnold, 
S.  G.  Randall,     . 
Sylvester  Stevens, 
E.  Jacobs,  . 
Edward  Landis, 
Birdsill  Holly,      . 
J.  A.  C.  J.  Smith, 

.  Chapman  Warner, 

for  Locomotive  Engines,  C.  L.  Rice, 

Punching  Machines,  Bradshaw  &  Coley, 
.  Chas.  Hughes, 

Quartz-crushing  Apparatus,  Celestino  Dominguez 

Railroad  Bolts, — Fastening  Nuts  G.  W.  R.  Bayley, 

Cars, — Couches  for       Wra.  A.  Brown, 

, — Dumping  A.  B.  Cooley, 

, — Journal  Box      Josiah  Ashenfelder, 

, — Seal  Lock  for    J.  H.  Lvon, 


Polishing  Cabinet-work, 
Potatoes, — Covering 
Potato-diggers, 


Potato-parer, 
Presses, — Cotton 


-Hay 


and  Hay 


Prisons, — Iron, 
Propellers, — Rocking 
Pumps, 


, — Stop.  &  Start.  E.  S.  Ritchie, 

Cattle  Car,        .  J.  B.  Shafer, 

Gates,     .  Lester  Butler, 

.  McNair  &  Elliott, 


in  Juh/,  18G0. 
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Chicago, 

III. 

31 

City  of 

N.  Y. 

17 

City  of 

N.  Y. 

10 

" 

<• 

31 

Toronto, 

C.W. 

10 

ManliuK, 

N.  V. 

24 

Haverhill, 

Mass. 

24 

Monmouth, 

Me. 

31 

Brooklyn, 

JS.  Y. 

31 

tt 

<« 

31 

on.      City  of 

It 

31 

it 

K 

10 

Troy, 

<< 

10 

Boston, 

Mass. 

3 

City  of 

N.  Y. 

10 

Borryville, 

Va. 

3 

('ily  of 

N.  Y. 

10 

r,          iSorthford, 

Conn. 

31 

Worcester, 

Mass. 

31 

Salem, 

ti 

17 

Washington, 

Ga. 

17 

Tallahassee, 

Fla. 

17 

Bennettsville, 

S.  C. 

3 

Great  Bend, 

Penna. 

17 

Herndon, 

Ga. 

17 

Kingston, 

Mo. 

10 

.          Romulus, 

N.  Y. 

31 

liOndon, 

Ohio, 

24 

Mendota, 

III. 

17 

Cedar  Hill, 

Texas, 

3 

Mt.  Pleasant, 

Iowa, 

24 

Burlington, 

t< 

24 

St.  Louis, 

Mo. 

31 

Ansonia, 

Conn. 

24 

Long  Branch, 

N.J. 

31 

Paris, 

N.  Y. 

24 

Rochester, 

t( 

24 

Philadelphia, 

Penna. 

3 

Lancaster, 

Mass. 

24 

Grand  View, 

Ind. 

24 

South  Milan, 

« 

3 

N.  Britain, 

Conn. 

17 

Sacramento, 

Cal. 

24 

Cincinnati, 

Ohio, 

24 

Baltimore, 

Md. 

24 

Lockport, 

III. 

24 

.         Philadelphia, 

Penna. 

10 

Brooklyn, 

N.  Y. 

31 

Milwaukie, 

Wis. 

17 

Lowell, 

Mass. 

24 

N.  Orleans, 

La. 

24 

,         San  Francisco, 

Cal. 

3 

Brashear, 

La. 

24 

Philadelphia, 

Penna. 

17 

4( 

i( 

3 

it 

<( 

31 

City  of 

N.  Y. 

17 

Brookline, 

Mass. 

3 

Grafion, 

Va. 

31 

Kenosha,  ' 

Wis. 

17 

Augusta  CO., 

Va. 

17 
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American  Patents. 


Railroad  Switches, 
Rakes, —  ilorHO 


-, —  Horse  Hay 


St'idle  &.  Eltirly, 
A.  U.  llnrst, 
Rut  'I'rnps,  .  lieouard  J'arker, 

Rcfrij^crator,  .  W.  W.  Staniiard, 

Rogistor  Point,       .  J.  W.  Clifi; 

Rooliijjj,  Bfltiiij;,  &c., — Fabric     J.  B.  Wands, 

and  Cement, — Uonip.    Alexander  Asbotb, 

S.  T.  Russell, 

T.  L.  Braynard, 
Julius  Hornig, 
IV.  J..  McFarlan, 
.lacob  Kinzer, 
G.  W.  Corson,     . 
Timothy  Drake, 
Carey  Pitts, 


J.  C.  Whitson,    .  Marion,  N.  C. 

Wni.  &  'I'hos.  Hchncbly,     Hackensack,       N.  J. 


Rotary  Engines, 
Sash-fastener, 


Saws, — Straining  Scroll 

Saw-mills, 

Staves, — Machine  for  Jointing 

Scaffolds, — Supporting 

Scissors, 

Screw  Wrenches, — Heading 

Screws, — Making 

Seed  Planters,  • 


Seeding  Machines, 


Siish  Stops  to  Windows, 
Sausnge-stulVer,  . 

Sawing  Bevels  on  Laths, 
.  Boards, — Machine  for 

■    ■  Machine,  . 

, — S'm  cross-cut  S.  M.  King, 

— Staves, — Machine  for        H.  H.  Evarts, 

W.  W.  and  J.  B.  Hu 

Chas.  Rose, 

G.  H.  Clemens, 

J.  F.  &  I.  W.  Bristo' 

J.  K.  Lewis, 

J.  G.  DeCoursey, 

L.  and  A.  G.  Coes, 

Justus  Griggs, 

G.  T.  Bennett, 

George  Hetrick,   . 

G.  W.  Clark, 

Ezra  Emraert,      . 

J.  S.  Gage, 

Hermann  Kaller, 

W.  P.  Penn, 

Edwin  Ritson,      . 

D,  J.  Vail, 

Isaac  Lindsley,    . 

Ezekiel  Booth, 

John  First, 

. .  .  W.C.  Hicks, 

' —  Hu?o  Mueller,     . 

—  .  J.S.  McCurdy, 

-^ Penny  &  Botsford, 

— -—  .  ■V\^  A.  Sutton, 

C.  H.  Willcox,    . 

,— Shuttles       Planer  &  Siegl, 

. -, — Spool  Pins  George  Churchill, 

Ships  Boats, — Lowering,  &c.,       J.  A.  Davis, 


Ibut, 


Segars, 

Sewing  Machines, 


Rigging,— Setting-up 
Shoemakers  Last, 
Shovels,  . 

Signal  Lantern, 
Silk  in  the  Hank, — Stretching 
Skates, 


Smoothing-irons, — Heating 


Smut  Machines, 


Soldering  Irons,     . 
Springs,— Adjustable  Carriage 


E.  U.  Thompson, 
J.  C.  Plumer, 
J.  U.  Fiester, 
T.  F.  Woodward, 
Lucius  Dimock, 
Jeremiah  Heath, 
Ij.  and  I.  J.  White, 
J.  E.  Johnson, 
Self-heating    B.  O.  Ball, 

,  Drake  &  Hewett, 

Samuel  Favinger, 
,  Richard  Mohler, 

Lester  Pafee, 
George  Palmer, 


MechaiiicKb'gh,  Penna. 
('hambersburg,        " 


Winterset, 

Buflalo, 

Rochester, 

Memphis, 

City  of 

Ottawa, 

City  of 

Newark, 

Syracuse, 

Pittsburgh, 

Corson's  P. 

Windsor, 

Troy, 

Lancaster, 

Chicago, 


lovra, 

N.  Y. 
t( 

Tenn. 
N.  Y. 
III. 


17 
10 

3 
10 
17 
31 
3L 
31 

3 
31 


24 

24 

3 


O. 


Allentown, 

Cincinnati, 

Vevay, 

Rising  Sun, 

Philadelphia, 

Worcester, 

Utica, 

Mt.  Olive, 

Reidsburg, 

Mt.  Washington  Ohio, 

Franklin  Grove,  III. 


IV.  Y. 
IV.  J. 
IV.  Y. 
Penna.  31 

10 
Conn.  3 
N.  Y.  3 
Penna.  31 
III.     10 

3 

3 
10 

3 
10 
Penna.  24 
Mass.  31 
N.  Y. 
N.  C. 
Penna. 


Penna. 

Ohio, 

Ind. 


Dowagiac, 

Perry, 

Belleville, 

Sanbornton, 

Industry, 

Providence, 

Troy, 

City  of 

Boston, 

City  of 

Brooklyn, 

Wooster, 

City  of 


Hartford, 

Portsmouth, 

Bristol, 

Portland, 

AV  in  Chester, 

S.  Reading, 

Hebron, 

Providence, 

Buffalo, 

Brockport, 

Greensburgh, 

Marshall, 

Philadelphia, 

Lancaster, 

Peoria, 

Littlestown, 


Mich. 

III. 
i( 

N.  H. 
III. 
R.  L 
N.  Y. 

Mass. 
IV.  Y. 

Ohio, 
N.  Y. 


Conn. 
Va. 

Me. 

(( 

Ohio, 

Mass. 

Conn. 

R.  L 

N.  Y. 
(( 

Ohio, 
Mich. 
Penna. 

111. 
Penna.  24 


31 
17 
10 
10 
10 
10 
17 
17 
10 
31 
31 
3 
3 
24 
3 
3 
3 
17 
31 
17 
17 
10 
17 
17 
17 
10 
17 
3 
10 
31 
10 
31 
17 
24 
3 


1 


American  Patents  which  issued  in  July,  18(10. 


Sprinps, — Tnr 

Spring'.  —  (/omj)onHaling  Lcvrr 
b>j)i)kt'  MiU'hinp,     . 
Sliunpin;^  Hi'iid*, — Casting 
•Stii\f  Miu'liinp, 
8invi-jtiiiuiii>;  Machines, 
Sti'iiiu  HdjUts, 


-Alarm  Gaufjo 


McCormick  &  Jcrrold, 
Win.  S.  Pratt. 
S.  n.  Wilkma,      . 

I*,  w.  r.rtics, 

W.  M.  Sloan. 
CM.  Vouiik:, 
Uciiii  iV  (/'ollinR, 
J.  \\.  H(Kir(linun, 
Join)  Hrown, 
Jonathan  Vailc, 
C  T.  PanRhorn, 


, —  Feediiip  A|>|iar.  Thomas  JSliuw, 

, — FusiliU"  Pinus      I.  ('.  Siiurulcrs,    . 

, —  liOw-watcr  Det.  J.  W.  Jlopper, 

, — Valves  lor  1).  H.  Priiidle,      . 

Enjjincs,  .  \V.  H  irk  bock, 

, — Boilcr-fcodcrs  E.  A.  Wood, 

, — Governors  for  Jeroino  Whcelock, 

, — Pumps  for       J.  F.  Hatnilton,   . 


(lenerator 
Land  Carriages, 
Pressure  Gauge, 


Steering  Apparatus. 

-  Vessels, —  Mode  of 
Stereotype  Plates, —  Making 
Stone-dressing  Machines, 
Stone, — Machine  for  Crushing 

StOVfS,  . 


-,— Coal 
-, — Cooking 


Uenjaniin  Garvey, 
C.  H.  Baker, 
Wm.  P.  Parrott, 

E.  W.  Tarbell,    . 

F.  E.  Sickles, 
S.  H.  Mix, 
Francis  Schwalm, 

G.  A.  Rollins, 
Charles  Jones, 
S.  H.  Ransom,     . 
Lucius  Crandall, 
Cavanaugh  &  Lazear, 
Johnson  <fe  Wansbraugh, 


Stove-pipes, — Machine  for  Form.  James  Rogers, 


Straw  Cutters, 

and  Stalk  Cutters, 

Submarine  Operator, 
Sugar, — Appar.  for  Draining 
Cane, —  Wind-rowing 


—  Kettle  Trains, 


Samuel  Ring, 
Preston,  Jr.,  <fc  Farn 
G.  W.  Martin, 
J.  J.  Unbehagen, 
B.  A.  Jenkins, 
J.  P.  Henderson, 
W.  H.  Paine, 


Surveyors  Tackle  Case,    . 

Sweeping  Streets, — Machine  for  G.  M.  Ramsay, 

Switch  Plates  for  City  R.  R.s,       Wm.  Ebbitt, 

Syringes, 


Tanning, — Compounds  for 

Extracts, 

Telegraphic  Repeaters, 
Thills  to  Vehicles, — Attaching 
Thread-polishing  Machines, 
Threshing  Machines, 


Peas  and  Beans, 


Benjamin  Irving, 
E.  G.  Stevens, 

D  J.  Cochran,    . 
James  Connell, 
J.  J.  Clark, 
L.  C.  Miner, 
L.  C   Ives,  . 

W.  W.Dingee, 
S.  E.  Oviatt, 
J.  T.  Smith, 


Timber, — Comp.  for  Preservation  John  Dain, 


Tobacco  Boxes, 

-, — Pressing 


Tool  Sharpener, — Edge 
Trees, —Machine  for  Felling 
'  from  Insect.-, — Protecting 

Trusses, 

,— Belt 

—, — Hernial  Spring 


Friedrick  &  Walter, 
Henry  Kurth  &  others 
John  Henry, 
S.  W.  Wood,       . 
A.  P.  Torrence, 
Nathaniel  Potter,  Jr 
Henry  Dalton, 
J.  C.  Rainbow,    . 
D.  L.  D.  Sheldon, 


m, 


Pater«on, 

Williutn«burgh 

Milton. 

('hica^o, 

BulTalo, 

SinclairKville, 

Manclienlcr, 

City  of 

Miami, 

Brooklyn. 

Philadelphia, 

'J'rcnton, 

City  of 

E.  Bethany, 

Jersey  City, 

Utica. 

Worcester, 

Pittsburgh, 

City  of 

Red  Wmg, 

Boston, 
it 

City  of 

Schoharie, 

Joliet, 

Nashua, 

Philadelphia, 

Albany, 

Plainlield, 

Jersey  City, 

Cincinnati, 

Sa.  Clara  co.. 

Cleveland, 

Corning, 

W.  Morrisania, 

Baton  Rouge, 

Whitewater, 

Franklin, 

Sheboygan, 

City  of 


N.J. 

,  N.  v. 

Pcnna. 

III. 

N.  Y. 
«< 

N.  H. 

N.  V. 
ti 

Ohio. 

N.  V. 

Penna. 

Mich. 

N.  Y. 
<< 

N.J. 
N.  Y. 
Ma88. 
Penna. 
N.  Y. 
Minn. 

Mass. 

t( 

N.  Y. 
t( 

III. 

N.  H. 
Penna. 
N.  Y. 

N.J. 

<< 

Ohio, 

Cal. 

Ohio, 

N.  Y. 
<( 

La. 

Wis. 

La. 

Wis. 

N.  Y. 


Biddeford, 

Centerville, 
Port  Huron, 
Philadelphia, 
Hartford, 

York, 

Richfield, 

Portsmouth, 

Utica, 

City  of 

Brooklyn, 

Lynchburgh, 

Watertown, 

Oxford, 

S.  Dartmouth, 

C  ity  of 

New  Brighton, 

San  Francisco, 


Me. 
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17 
24 
10 
31 
17 
31 
3 
31 
24 
24 
24 
31 
24 
24 
3 
3 
3 
3 
24 
17 
3 
24 
31 
17 
10 
10 
17 
17 
24 
24 
24 
31 
31 
24 
31 
24 
10 
3 
10 
10 
10 
24 
10 
10 


Ind. 
Mich. 
Penna 
Conn. 


17 
17 
24 
17 
17 

Penna.  24 

Ohio,   10 

Va. 

Ohio, 

N.  Y. 


Va. 
N.  Y. 
Ga. 

Mass. 
N  Y. 
Penna.  31 
Cal.   31 


24 
31 
17 
31 
24 
24 

3 
10 

3 
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American  Patents 


Tubes, — Aosopliagus, 
, — Forming  Seamless 

TVVCJTS, 

Type-iiu'tal  with  Brass, — Coat'g 

Varnish, — Polishing 

Vrrmin, —  Appar.  for  Destroying 

Vinegar, —  Manutaclure  of 

"Warming  Apparatus,        . 
Washing  Machine, 


Watches. 

Watch  Chains, —  Hooks  for 
Watchmakers  Lathes, 
Water  Closet, — Portable  . 
Water, —  Method  of  Cooling 

' Metres, 

Pipes  to  Buildings, 

Wheels, 


Wheels, — Adjusting  Tire  on 

for  Gun  Carriages,  &c., 

Whiffle-trees  for  Vehicles, 
Windmills, 


Windows, — Appar.  for  Cleaning 
Window  Sashes, — Elevator  for 

•        Stop  and  Fastening, 

Wrench, 

Yokes, — Bow  of  Ox 

EXTENSIONS. 

Horse-powers, 

Looms,  • 

Netting  Machines, 


N.  Q.  Mungcr,     . 
('.  E.  L    Holmes, 
'J'olman  &  Blodget, 
Jo.scph  Corduan, 

Bennett  &  Stover, 

Levi  Disbrow, 

F.  M.  Ruschhaupt, 

J.  H.  Davis, 

John  Contrell, 
Wm.  Oowcn 
A.  B.  Harlan,       . 
S.  T.  Vallett, 
O.  H.  Woodworth, 
J.  li.  Lounsbcrry, 
Albert  Wild, 
Enoch  Hidden, 
Thomas  Byrne,  . 
Gerard  Sickles, 
Wm.  Austin,        . 
Closs  &  Pyle, 
Henry  Fellows,   . 
Jair.es  Martin, 
J.  M.  Perkins, 
J.  W.  Truax, 
W.  S.  Harrison, 
C    F.  Brown, 
Ignaz  Ramminger, 
Arnold   De  Witt, 
Henry  Glover,     . 
George  Munce, 
Samuel  Mills, 
Turner  W^illiams, 
R.  P.  Buttles,      . 

Warren  &  Silliman, 


Sheldon  &  Cary, 
W.  D.  Dutcher, 
John  McMuUen, 


ADDITIONAL  IMPROVEMENTS. 


Altitudes  of  the  Sun, — Taking 

Clover  HuUers, 

Grates, 

Railroad  Cars, — Roofs  for 


Frederick  Yeiser, 
Anthony  Overocker 
Joseph  'J'iberi, 
A.  P.  Winslow,  . 


Shoe  Heels,— Cutting  &  Finish.  W.  F.  Edson, 


RE-ISSUES. 

Air  Engines, 

Artificial  Legs, 

Bedsteads, — Folding 

Canal  Boats,— Paddle  Wheels 

Fences, — Panels  of  Portable 

Gas  Regulators, 

Grain  Separators  &  Cleaners, 

, — Shoe  for 

Harvesters  and  Binders  (2  pats.). 
Mowing  Machines    (7  patents). 
Oilcloth,— Printing     2       " 
Paper  Pulp,— Manu.  2        « 
Photo-lithography,  • 


Philander  Shaw, 
Douglas  Bly, 
T.  B   Bleecker,   . 
Reuben  Jane, 
Chas.  Van  DeMark, 
Salmon  Bidwell, 
W.  M.  Arnall, 
Hiram  Aldridge, 
H.  Baldwin,  Jr., 
Ephraim  Ball, 
James  Albro, 
Falser  &  Howland, 
Cutting  &  Bradford, 


Brookfield  cen. 

Wis. 

10 

Waterl)ury, 

Conn. 

24 

N.  Orange, 

Mass. 

10 

Brooklyn, 

N.  Y. 

17 

Boston, 

Mass. 

3 

Oswego, 

N.  Y. 

31 

City  of 

(( 

31 

Woburn, 

Mass. 

31 

City  of 

N.  Y. 

10 

Wausau, 

Wirt. 

17 

Ercildoun, 

Pcnna. 

17 

Providence, 

R  L 

3 

Coffeeville, 

Miss. 

17 

N.  Eng.Village 

,  Mass. 

10 

City  of 

N.  Y. 

17 

<. 

ti 

24 

Baton  Rouge, 

La. 

10 

Roxbury, 

Mass. 

24 

Philadelphia, 

Penna. 

3 

Decatur, 

Ind. 

10 

Bloomfield, 

<i 

24 

Florence, 

Ala. 

3 

Chicago, 

III. 

24 

Richford, 

Vt. 

24 

(J arson's  Land 

Miss, 

3 

Warren, 

R.I. 

10 

City  of 

N.  Y. 

17 

Brooklyn 

<< 

3 

E.  Douglas, 

Mass. 

10 

.         St.  Louis, 

Mo. 

31 

City  of 

NY. 

31 

Providence, 

R.  L 

17 

Mansfield, 

Penna. 

3 

Chester, 

Conn. 

17 

Chili, 

N.  Y. 

3 

Milford, 

Mass. 

3 

Baltimore, 

Md. 

3 

Indianapolis, 

Ind. 

17 

McHenry, 

III. 

24 

St.  Louis, 

Mo. 

17 

Cleveland, 

Ohio, 

31 

Philadelphia, 

Penna. 

24 

Boston, 

Mass. 

17 

Rochester, 

N.  Y. 

3 

City  of 

<( 

24 

.         Otego, 

<( 

3 

Oak  Corners, 

<( 

10 

City  of 

N.  Y. 

31 

Sperryville, 

Va. 

10 

Michigan  City 

Ind. 

31 

Washington, 

DC. 

3 

,         Canton, 

Ohio, 

17 

Elizabeth, 

N.J. 

3 

Ft.  Edward, 

N.  Y. 

3 

Boston, 

Mass. 

31 
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Printing  Presses         (2  patcnU),  G.  P.  Gordon 


Rfupiiii;  Macliiiu's,      3 

JSiiw-mills — Circ-ular 

•Stoaiii  Boilers, — Feotl-wator 
Wiiicllatwes, — Ships 

DK8IGNS. 

Gridiron, 

liul)  liaiids,  . 

Kaiiix*', — Cooking  • 

iSpoon  llanJloN, 

Slove, 

, — Coal 

■ , — Cook's 

(4  patfiits), 


, —  Cooking  (2  cases) 


-Parlor 


-, — 8i.\-plute     . 

-. —  Plates  of  a  Cook's 


'I'rade  Mark, 


W.  II.  JSeyniour, 
N.  (».  NorcroHJi, 
A.  1<.  lionliaiii,    . 
(i.  W.  KainK, 
Wiu.  11.  Giliiiorc, 


Klnallian  Peck, 

II.  y.  Pard.-i". 

Sanders  tSc  Vedder,     . 

H.  C.  Fosur, 

Isaac  DcZouche, 

Daniel  Hathaway, 

W.  W.  Stanard, 

G.  Smith  &,  II.  Brown, 

8.  H.  Hansom, 

W.  W.  Stanard, 

G.  Smith  &  II.  Brown, 

N.  S.  Vedder, 

S.  H.  Ransom,     . 

W.  W.  Stanard, 

Daniel  Hathaway, 

G.  Smith  &  H.  Brown, 

D.  L.  Meineke,    . 


City  of 

N.  Y. 

31 

Brockport, 

li 

10 

Lowell. 

Mans. 

]U 

Eli/.al)cthtown, 

,  Ohio, 

10 

IS'cw[)nr^h, 

N.  V. 

!i4 

"Worcester, 

Mass. 

31 

New  Britain, 

Conn. 

17 

Mt.  Carnjcl, 

•• 

31 

City  of 

N.  y. 

31 

Worcester, 

Mass. 

3 

St.  Louis, 

Mo. 

3 

Trov, 

N.  Y. 

31 

Buiralo, 

it 

24 

Pluladclphia, 

Pcnna. 

3 

Alhany, 

M.  Y. 

3 

Butlalo, 

ii 

31 

riiiludolphia, 

Penna. 

3 

'i'roy. 

N.  Y. 

31 

Alhany, 

<i 

3 

BulValo, 

<( 

31 

Troy, 

(( 

31 

Philadelphia, 

Penna. 

17 

St.  Louis, 

Mo. 

31 

FRANKLIN  INSTITUTE. 


Proceedings  of  the  Stated  Monthhj  Meeting^  September  20,  1860. 

John  C.  Cresson,  President,  in  the  chair. 

elohn  Agnew,  Vice-President,  \p,         . 


Isaac  B.  Garrigues,  Recording  Secretary, 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Donations  to  the  Library  were  received  from  la  Societe  Industrielle 
de  Mulhouse,  France ;  the  Hon.  P.  F.  Thomas,  Commissioner  of  Pa- 
tents, and  Frederick  Emerick,  Esq.,  Washington,  D.  C. ;  the  Massa- 
chusetts Charitable  Mechanics  Association,  Boston,  Mass. ;  Thomas 
Ewbank,  Esq.,  and  Dr.  Martyn  Paine,  City  of  New  York  ;  the  Wil- 
mington Institute,  and  Edward  Tatnell,  Esq.,  Wilmington,  Del. ;  the 
Maryland  Institute,  Baltimore,  Md. ;  John  A.  Roebling,  Esq.,  Tren- 
ton, N.  J.  ;  Dr.  Charles  M.  Wetherill,  Lafayette,  Ind. ;  the  Harris- 
burgh,  Portsmouth,  Mountjoy,  and  Lancaster  Railroad  Co.,  Messrs, 
Moses  Thomas  &  Sons,  and  Prof.  John  F.  Frazer,  Pliiladelphia. 

The  Periodicals  received  in  exchange  for  the  Journal  of  the  Insti- 
tute, were  laid  on  the  table. 

The  Treasurer's  statement  of  the  receipts  and  payments  for  the 
month  of  August  was  read. 

The  Board  of  Managers  and  Standing  Committees  reported  their 
minutes. 

Candidates  for  membership  in  the  Institute  (9)  were  proposed,  and 
the  candidates  proposed  at  the  last  meeting  (12)  duly  elected. 

Mr.  Howson   exhibited  a  collection  of  fire  arms  manufactured  bj 
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Christian  Sharps,  Esq.,  (the  well-known  inventor  of  Sharps'  riflo,)  at 
his  establishment  in  West  riiiladelphia. 

The  first  arm  exhibited  was  a  specimen  of  the  standard  military 
carbitie,  arranged  to  load  at  the  breech,  and  havinfr  the  patent  self- 
])riniing  device.  This  arm  was  manufactured  in  New  England  from 
Mr.  Sharps'  designs,  and  is,  in  most  respects,  similar  to  those  made 
for  the  United  States,  as  well  as  for  several  European  governments. 
It  has,  liowever,  an  improvement  in  the  self-priming  arrangement, 
"whereby  the  magazine  of  caps  may  be  reserved  for  emergencies,  and 
caps  of  ordinary  construction  used. 

Two  beautiful  specimens  of  light  breech-loading  rifles  with  barrels 
of  smaller  calibre  than  the  above  were  next  exhibited.  These  were 
arranged  to  receive  a  metallic  case  containing  the  charge  of  powder 
and  ball ;  the  case  after  being  discharged  is  withdrawn  from  the 
breech  to  be  again  used  after  it  has  received  a  new  charge.  A  suit- 
able number  of  these  cases  are  carried  in  a  pouch  by  the  sportsman, 
who  recharges  them  at  his  leisure. 

Several  specimens  of  Sharps'  patent  breech-loading  repeating  pis- 
tol were  exhibited  and  explained.  This  fire  arm  consists  of  a  barrel 
block  with  four  bores,  the  block  being  arranged  to  slide  to  and  fro  on 
the  stock.  A  metallic  cartridge  is  inserted  into  each  bore,  the  block 
moved  up  to  the  stationary  breech  of  the  stock  and  there  locked,  when 
the  fire  arm  is  ready  for  being  discharged.  The  hammer  is  provided 
■with  a  revolving  nipple  which  strikes  each  cartridge  in  succession,  the 
movement  of  the  nipple  being  effected  by  the  cocking  of  the  hammer. 

Mr.  Howson  exhibited  the  several  pieces  of  which  one  of  these  pis- 
tols was  composed,  in  their  crude  state,  remarking  that  each  piece 
was  reduced  to  its  proper  form  by  machinery,  with  an  exactitude 
•which  no  manipulation  could  accomplish,  every  portion  of  one  pistol 
being  an  exact  counterpart 'of  the  corresponding  portions  of  another 
pistol ;  and  that  when  the  extent  and  beauty  of  the  workmanship  is 
considered,  it  is  almost  impossible  to  conceive  how  these  weapons  can 
be  manufactured  so  rapidly  as  to  be  retailed  for  the  low  price  of  ten 
to  twelve  dollars ;  but  that  a  visit  to  Mr.  Sharps'  factory,  and  an  ex- 
amination of  the  beautiful  and  effective  tools  there  used,  and  a  know- 
ledge of  the  fact  that  subdivision  of  labor  is  there  carried  out  to  per- 
fection, would  solve  the  mystery. 

Vast  quantities  of  these  arms  are  sent  to  all  parts  of  the  Union  by 
Messrs.  Handy  &  Brenner,  of  this  city,  the  sole  agents  for  the  sale 
of  Sharps'  fire  arms. 

Mr.  H.  subsequently  explained  to  the  meeting  Mr.  Sharps'  improve- 
ments in  the  construction  of  metallic  cartridges,  which  are  destined 
to  replace  the  ordinary  paper  cases.  These  cartridges,  first  used  in 
Erance,  consist  of  thin  metal  cases,  with  an  enlargement  at  one  end 
for  containing  the  detonating  material,  and  a  bullet  at  the  opposite 
end ;  the  interior  of  the  case  containing  the  charge  of  powder,  and 
the  cartridges  being  exploded  by  causing  the  hammer  to  strike  the 
edge  of  the  enlargement. 

It  is  necessary,  in  order  that  the  spent  cartridges  may  be  readily 
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extracted  from  tlic  bore  of  the  barrel,  tliat  the  cases  sliould  liave'a 
sli^lit  taper.  In  order  to  impart  tliis  tajtcr  lo,  and  to  form  the  en- 
largement on,  a  hollow  metal  eylinder  closed  at  one  end,  Mr.  Sharps 
uses  a  die  composed  of  two  steel  blocks,  in  which  is  formed  a  cham- 
ber of  the  sha)>e  of  the  desired  case.  Into  this  cJiamber  is  dropped 
the  hollow  cylinder,  the  latter  being  subsc(iuently  partially  filled  with 
water.  A  plunger  is  now  inserted  into  the  mouth  of  the  cylinder,  and 
a  smart  blow  imparted  to  it,  thereby  causing  the  metal  to  expand  and 
adapt  itself  to  the  shape  of  the  chandjcr;  after  which  the  now  com- 
pleted case  is  withdrawn  from  the  dies. 

By  this  contrivance,  and  others  of  equal  simplicity  and  ingenuity 
for  sj)reading  the  detonating  material  in  the  enlargement  of  the  case 
and  confining  it  therein,  Mr.  Sharps  is  enabled  to  make  the  most  per- 
fect metallic  cartridges  at  the  same  cost  as  tliose  made  of  paper. 

It  was  remarked,  in  conclusion,  that  Mr.  Sharps  had  devoted  the 
greater  part  of  his  life  to  the  experimenting  with  and  the  designing 
of  improvements  in  fire  arms  and  projectiles,  and  this  with  such  suc- 
cess, that  the  superiority  of  his  ware  was  universally  acknowledged  : 
many  European  regiments  being  armed  with  the  celebrated  Sharps' 
rifle. 

Mr.  Thomas  E.  McXeill  exhibited  a  very  beautiful  and  ingenious 
steam  gauge  invented  and  patented  by  Mr.  J.  E.  Wootten.  It  con- 
sists of  a  steam  chamber  formed  by  riveting  together  at  their  edges 
two  disks  of  very  hard  rolled  sheet  brass.  The  dilation  of  these  disks 
under  pressure,  communicates  motion  to  the  index  pointer,  by  means 
of  a  coarse  threaded  screw  cut  upon  the  spindle  to  which  the  pointer 
is  attached.  A  hair  spring  is  attached  to  the  spindle  for  the  purpose 
of  keeping  its  point  at  all  times  in  contact  with  the  front  disk,  by 
which  means,  an  accurate  indication  of  pressure  is  obtained. 


BIBLIOGRAPHICAL  NOTICE. 


The  Manufacture  of  Vinegar:  its  Theory  and  Practice;  with  espe- 
cial reference  to  the  quick  process.  By  CiiAS.  M.  Wetuerill, 
Ph.  D.,  M.  D.  Philadelphia:  Lindsay  k  Blakiston,  18G0.  12mo. 
pp.  300. 

This  is  an  excellent  theoretical  and  practical  treatise  upon  a  sub- 
ject which  possesses  great  interest  for  every  one,  especially  to  those 
who,  living  at  a  distance  from  manufacturing  centres,  are  here  shown 
how  easily  and  with  how  little  expenditure  of  capital  they  may  ensure 
for  themselves  purity  and  proper  strength  of  an  article  of  such  do- 
mestic importance.  But  the  book  has  another  and  perhaps  higher 
value,  as  a  type  of  what  such  a  treatise  should  be ;  the  clear  precise 
statement  of  its  facts,  its  logical  method,  and  absence  of  all  parade 
of  unnecessary  learning,  are  the  exact  qualifications  which  are  neces- 
sary to  make  a  treatise  on  the  manufacture  of  any  speciality  useful 
and  interesting ;  and  if  more  of  those  who  have  heretofore  professed 
to  write  such  treatises  had  attended  to  this,  we  should  have  had  our 
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manufacturers  and  people  much  better  intbrmed  upon  such  subjects 
than  they  now  yrc. 

We  iHM'd  not  say  to  any  one  wlio  roads  tliis  book,  tliat  Its  autlior  is 
an  excellent  chemist ;  that  is  uianitVst  as  well  by  what  he  docs  not 
say  as  by  what  he  does  ;  but  we  take  the  opportunity  of  acknowledg- 
ing the  receipt  of  another  investigation  by  him  on  the  subject  of  the 
rehitive  cost  of  light  from  diilVrcnt  niatci-ials,  wliich  will  be  of  great 
im])()rtaiu:e  for  the  region  of  country  in  wliich  he  resides. 

The  book  under  consideration  is  very  excellently  got  out  by  the 
well-known  publishers,  and  is  worthy  of  being  read  by  all,  and  of  being 
studied  by  all  who  are  in  any  way  interested  in  the  manufacture  of 
vinegar.  F. 

METEOROLOGY. 


For  the  Journiil  of  the  Franklin  Institute. 

The  Meteorology  of  PldladelpJda.  By  James  A.  Kirkpatrick,  A.M. 

August. — The  temperature  of  the  month  of  August  was  a  degree 
and  a  half  below  that  of  July  last,  about  one  degree  above  that  of 
August,  1859,  and  about  half  a  degree  above  the  average  temperature 
of  August  for  the  last  ten  years.  It  will  be  seen,  by  the  table  of 
comparisons  given  below,  that  this  difference  of  temperature  occurred 
principally  at  2  o'clock  in  the  afternoon,  the  means  for  7  A.  M.  and 
9  P.  M.,  for  1860,  being  almost  identical  Avith  those  for  the  same  hours 
for  ten  3^ears ;  while  the  mean  for  2  P.  M.,  in  1860,  was  two  degrees 
higher  than  the  average  for  the  same  time. 

The  warmest  day  was  the  5th,  of  which  the  mean  temperature  was 
83°.  The  highest  degree  indicated  by  the  thermometer  was  95°  on 
the  10th  of  the  month;  the -mean  temperature  of  that  day  was  82-7°. 
From  the  4th  till  the  10th,  the  temperature  did  not  fall  below  70°, 
night  or  day.  On  the  night  of  the  10th,  however,  rain  fell,  the  wind 
changed  from  the  south-west  to  the  north-west,  and,  during  the  next 
day,  the  thermometer  indicated  an  average  fall  of  nearly  12°. 

On  the  13th  a  thunder-storm  occurred.  Rain  fell  in  heavy  showers 
all  the  morning ;  but  about  two  o'clock  in  the  afternoon  the  lightning 
became  very  vivid  and  the  rain  came  down  in  torrents.  In  two  hours, 
from  two  till  four  o'clock,  three  inches  and  thirty-five  one-hundredths 
of  an  inch  of  rain  fell — about  four  times  as  much  as  fell  during  the 
"whole  of  the  month  of  Julv.  Durinoi;  the  storm,  a  man  was  instan- 
taneously  killed  by  lightnnig  in  the  southern  part  of  the  city.  The 
rain  continued  heavy  and  steady  until  11 J  A.  M.,  on  the  morning  of 
the  14th. 

The  14th  was  the  coldest  day  of  the  month,  the  average  tempera- 
ture being  65°.  The  lowest  degree  indicated  by  the  thermometer  was 
55°  on  the  mornincr  of  the  15th. 

The  barometer  was  highest  on  the  16th,  when  it  indicated  a  pres- 
sure equal  to  30*026  inches ;  and  lowest  on  the  25th,  when  it  marked 
29*632  inches.     The  average  height  of  the  barometer  for  the  month 
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was  very  nearly  the  same  as  for  August,  185!),  and  ])ut  threc-liun- 
drcdths  of  an  inch  lower  tliaii  the  average  for  tlie  last  ten  yeara. 

On  the  28d,  a  very  heavy  rain-storm  passed  over  the  northern  por- 
tion of  the  city.  It  is  said  that,  at  Manayunk,  over  ten  inches  of 
rain  fell;  while,  in  the  centre  of  the  city,  less  than  two-tentlis  of  an 
inch  was  collected  in  the  rain-iiau^e. 

Tlie  whole  amount  of  rain  tliat  fell  durinf]^  the  montli  was  nine 
inches  and  twenty-six  hundredths  of  an  incli,  which  is  a  f^reater  (juan- 
tity  than  has  fallen  in  the  month  of  Au^^ust  for  ten  years.  The  near- 
est approach  to  it  was  in  August,  1S57,  when  a  little  over  eight  inches 
(8*039)  fell.     The  average  amount  for  this  month  is  4*714  inches. 

There  were  five  days  of  the  month  entirely  clear,  and  two  on  which 
the  sky  was  completely  covered  with  clouds  at  the  hours  of  obser- 
vation. 

A  Comparison  of  some  of  the  Meteorological  Phenomena  of  Auf^uat,  18fi0,  with  those 
of  August  J  1859,  and  of  the  same  month  for  ten  years,  at  Philadelphia. 


Aug.,  I860. 

Aug.,  18.'i9. 

Aug.,  lOyears. 

Thermometer. — Highest, 

95° 

97° 

97° 

"                 Lowest, 

55 

51^ 

47 

"                  Daily  oscillation, 

18-80 

20-50 

15-90 

"                 Mean  daily  ranf^e, 

3-80 

3-10 

3-80 

"                Means  at  7  A.  M., 

70-13 

6903 

70-29 

"                       "         2  P.  M., 

82-87 

82-16 

80-74 

«                       "         9  P.  M., 

73-29 

72-39 

7337 

"                       "  for  the  month, 

75-43 

74-53 

74-80 

Barometer. — Highest, 

30-026  in. 

29-998  in. 

30-255  in. 

"            Lowest, 

29-632 

29-671 

29-356 

"            Mean  daily  range,     . 

•090 

•070 

•092 

"            Means  at  7  A.  M., 

29-848 

29-847 

29879 

"                    «        2  P.  M.,     . 

29813 

29-801 

29  851 

«                    «        9  P.  M., 

29-834 

29-832 

29  869 

"                    "  for  the  month, 

29-832 

29-827 

29-866 

Force  of  Vapor. — Means  at  7  A.  M., 

•580  in. 

•551  in. 

•584  in. 

«             "                  "         2  P.  M., 

•584 

•551 

•596 

«             «                 "        9  P.  M., 

•603 

•681 

•613 

Relative  Humidity. — Means  at  7  A.  M., 

77  per  ct. 

75  per  ct. 

77  per  ct. 

«'            2  P.  M., 

52 

50 

66 

«               "                 "             9  P.  M., 

73 

72 

74 

Rain,  amount  in  inches, 

9-260 

4-447 

4-714 

Number  of  days  on  which  rain  fell,  . 

13 

8 

10 

Prevailing  winds,               . 

N'.80°54'wl50 

s.26°34'b.-055 

s.83°35'wl04 

Summer. — The  meteorological  summer,  consisting  of  the  months 
of  June,  July,  and  August,  was,  during  this  year,  distinguished  by 
many  interesting  phenomena  which  have  been  particularly  noticed  in 
the  reports  for  the  separate  months.  The  eclipse  of  the  sun,  the  ex- 
traordinary meteor  of  the  20th  of  July,  the  heated  wind  storms  of 
Kansas  and  throughout  the  South- West,  the  unusually  great  number 
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of  tlnindor-storms,  nnd  tlie  dostructivo  tornados  in  several  of  tlie  West- 
ern States,  will  make  the  siiiinner  of  18G0  a  memorable  one.  But  few 
of  these  storms  reaehed  Philadelphia,  and  those  that  did  reach  U3 
seem  to  have  spent  their  fury  to  a  ^rcat  degree  before  their  arrival. 

The  pressure  of  the  iitmospherc  was  considerably  less  than  the  aver- 
age, as  will  be  seen  by  reference  to  the  table  of  comparisons. 

The  temperature  was  intermediate  between  that  of  the  summer  of 
18r>i),  and  the  average  for  the  nine  past  summers,  being  about  three- 
quarters  of  a  degree  above  the  former,  and  the  same  quantity  below 
the  latter. 

The  force  of  vapor  and   relative   humidity  were   both  below  the 


average. 


The  rain  was  half  an  inch  more  than  fell  in  last  summer,  but  nearly 
an  inch  more  than  the  general  average  for  the  season.  More  than 
three-fourths  of  it,  however,  fell  in  the  month  of  August. 

The  number  of  days  on  which  rain  fell  was  33,  being  one  more  than 
usual. 

The  prevailing  winds  during  this  summer  came  from  a  point  a  little 
north  of  west,  while  their  average  direction  for  nine  years  is  about 
twice  as  far  south  of  west. 

A  Comparison  of  the  Summer  of  I860,  with  that  of  1859,  and  of  the  same  season 
for  nine  years,  at  Philadelphia. 


Summer, 

Summer, 

Summer, 

I860. 

1859. 

for  9  years. 

Thermometer. — Highest, 

95-5° 

97° 

100-5° 

"                 Lowest, 

52-0 

420 

42-0 

"                 Daily  oscillation. 

19-20 

19-90 

16-10 

"                 Mean  daily  range,    . 

4-33 

4-60 

4-10 

«'                Means  at  7  A.  M., 

70-11 

69-36 

71-20 

«                     "           2  P.  M.,  . 

81-71 

80-53 

81-43 

"                     «           9  P.  M., 

72-23 

71-48 

7401 

«                     "      for  the  summer, 

74-68 

73-79 

75-55 

Barometer. — Highest, 

30-123  in. 

30-202  in. 

30-281  in. 

"            Lowest,        .         .         • 

29-243 

29-520 

29182 

"            Mean  daily  range,   . 

-097 

-095 

-094 

"            Means  at  7  A.  M., 

29-805 

29-866 

29-859 

«                  "          2  P.  M.,  . 

29-769 

29-825 

29-828 

«                 «           9  P.  M., 

29-789 

29-848 

29-844 

«                 "           for  the  summer, 

29-788 

29847 

29-844 

Force  of  Vapor. — Means  at  7  A.  M., 

•529  in 

•535  in. 

•577  in. 

'«             "              "           2  P.  M.,    . 

•518 

•555 

•588 

«             «              "           9  P.  M., 

•547 

•557 

•607 

Relative  Humidity. — Means  at  7  A.  M., 

71  per  ct. 

72  per  ct. 

74  per  ct. 

"                 "                 "           2  P.  M., 

48 

52 

55 

«                ««                 "           9  P.  M., 

68 

71 

71 

Rain,  amount  in  inches,  . 

13-817  in. 

13-591 

12-979 

W  umber  of  days  on  which  rain  fell, 

33 

31 

32 

Prevailing  winds,    •     .         .         .         . 

N.82027'wl65 

s.7308'w.-182 

s.74°27'wl59 
.     1 
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For  the  Journal  of  the  Franklin  Institute. 

i\"ofes  of  SI  dp- Building  in  Kew  York  and  Vicinity, 

Judging  from  present  indications,  it  would  seem  that  the  shipping 
business  of  New  York  and  its  vicinity  is  to  experience  a  great  revival 
from  the  dullness  and  stagnation  which  has  heretofore  prevailed.  Dur- 
ing the  past  four  years,  there  has  heen  a  general  depression  among 
ship-builders,  whilst  ship-owners  have  been  steadily  sinking  immense 
sums  of  money,  much  less  realizing  those  handsome  incomes,  which, 
a  few  years  since,  marked  the  business  of  navigation ;  they  have  not 
only  experienced  very  light  freights,  but  hnve  been  compelled  to  see 
their  once  magnificent  and  busy  vessels  lying  idle,  and  rotting  at  their 
docks  for  lack  of  employment. 

But  now,  the  aspect  has  changed,  and  it  is  sincerely  hoped  that  the 
gratifying  signs  at  present  universally  manifest,  will  not  be  spasmodic 
and  soon  pass  away,  but  that  prosperity  of  trade  in  general,  and  a 
succession  of  good  crops,  will  follow  and  create  a  constant  demand 
not  only  for  the  fine  vessels  afloat,  but  for  new  and  improved  ones, 
which  New  York  and  vicinity  have  almost   unlimited  means  of  sup- 

The  cause  of  the  present  activity  in  our  ship-building  is  easily  ex- 
plained. It  is  the  great  abundance  of  crops  throughout  the  whole 
extent  of  our  Union,  for  which  the  comparative  dearth  in  Europe  ne- 
cessarily creates  an  extensive  demand;  this  is,  undoubtedly,  the  prin- 
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cipal  cause,  l)iit  tlicrc  arc  others,  cqn;illy  important,  to  -wlncli  it  is  at- 
tributable, viz  :  tlie  imexain})led  success  atteudin^  the  iiiuiiy  eilbrts  of 
our  respective  ship-builders. 

Science  and  art  have  extended  their  aid  in  no  other  department  of 
liandiwork  more  particularly  than  in  this.  American  skill  and  Ameri- 
can ingenuity  have  produced  models  in  tliis  respect  which  are  every- 
Avherc  recognised  as  the  best;  and  it  is  but  recently  that  si)ecial  agents 
Avere  sent  to  this  country  by  foreign  powers  to  superintend  the  erec- 
tion of  vessels  intended  for  them  ;  but  of  this  a  single  word  hereafter. 

The  prominent  feature  of  the  work  as  at  present  in  progress  through- 
out the  various  ship-yards,  is  the  large  number  of  steamers  upon  the 
stocks.  l>ut  few  packet  ships  arc  in  course  of  construction  :  in  fact, 
the  suiallest  vessels  are  being  built  with  steam  power  to  propel  them. 
This  little  circumstance  only  proves  how  rapidly  the  revolution  from 
canvass  to  steam  is  progressing,  and  indicates  that  ere  long  sailing 
vessels  will  be  entirely  superseded  by  steamers,  particularly  for  the 
coasting  trade. 

Visiting  a  ship-yard  to  me  is  always  pleasant,  but  at  the  present 
period  far  more  so  than  usual ;  as  the  busy  hum,  the  merry  chorus  of 
the  ringing  axes  and  clanking  hammers,  present  indubitable  evidence 
of  the  great  activity  with  which  the  work  is  progressing.  Annexed 
will  be  found  a  review  of  the  operations  now  in  progress  at  our  yards, 
■which  will  give  an  impression  of  the  state  of  the  business. 

Tlie  Steamer  Griiadalquiver. 

Hull  built  by  Jacob  Westervelt  &  Co.,  New  York.  Machinery  to 
be  constructed  by  a  foundry  in  Cuba.  Owners,  parties  in  Havana. 
Intended  service,  coasting  around  the  island  of  Cuba. 

Hull. — Length  on  deck,  160  feet  6  ins.  Breadth  of  beam  Cmolded),  23  feet  8  ins. 
Depth  of  hold,  10  ft.  Depth  of  hold  to  spar  deck,  10  ft.  3  ins.  Frames — molded,  11 
ins.— sided,  5^  ins. — apart  from  centres,  20  ins.,  and  square  fastened  with  copper,  &c. 
Draft  of  water,  4  feet ;  when  fully  equipped  for  service,  with  her  engines  and  coal,  will 
draw  6  ft.  of  water     Masts,  two — Rig,  schooner.     Tonnage,  375  tons. 

Maciiin'ery. — To  be  put  in  immediately  after  her  arrival  in  Cuba.  Of  its  dimensions 
or  description,  I  have  no  knowledge. 

Remarks. — This  vessel  is  of  a  beautiful  model,  with  very  sharp  and 
easy  lines.  Her  frame  is  of  live  oak;  the  keelsons  and  ceiling  of 
yellow  pine  ;  the  planking  is  of  yelloAv  pine  and  white  oak.  The  decks 
are  of  yellow  pine,  and  the  combings  of  mahogany. 

The  Steamer  John  P.  King. 

Hull  built  by  Jacob  Westervelt  k  Co.,  New  York.  Machinery  in 
process  of  construction  by  the  Allaire  Works,  New  York.  Owners, 
Spofford,  Tileston  k  Co.  Intended  service,  New  Y'ork  to  Charleston, 
S.  C. 

Hull.— Length  on  deck,  236  ft.  Breadth  of  beam  (molded),  36  ft.  6  ins.  Depth  of  hold, 
13  ft.  8  ins.  Depth  of  hold  to  spar  deck,  21  feet.  Frames — molded,  15  ins. — sided,  14 
ins. — apart  from  centres,  30  ins.,  and  very  securely  fastened  with  copper,  &c.  Tonnage, 
1572  tons. 
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ExGixES. — Vertical  beam.  Diameter  of  cylinder,  71  ins.  Length  of  stroke  of  piston, 
1-^  feet. 

BoiLKiis.— Two— Rituin  llii.<.  I-rii-th.  CO  feet.  Breadth,  12  ft.  3  ins.  Height,  12 
ft.  3  ins. 

Paddle  Wheels. — Diameter  over  boards,  2S  rt.     Material  of  iron.     Number,  24. 

Ju'niarJcs. — This  steamer  is  very  stron^rly  built,  lu-r  fr.niK^  l)eing 
wliite  oak  tlirouLrlioiit.  Her  moilel  is  liandsome  anil  such  as  to  insure 
«:reat  speed.  This  vessel  was  named  in  honor  of  the  President  of  the 
Georgia  Railroad.  Ca})t.  llichard  Adams,  formerly  of  the  Jama  Ad- 
ger^  will  command  her. 

TJiC  St  earn  fv  John  P.  Jackson, 

Hull  built  by  Devine  Burtis,  Red  Hook,  L.  I.  Machinery  in  pro- 
cess of  construction  by  Wm.  Birkbeck,  Jersey  City.  Owners,  New 
Jersey  Ferry  Company.    Intended  service,  New  York  to  Jersey  City. 

Hull  — Length  on  deck,  210  ft.  Breadth  of  beam  CmoldcdJ.  33  ft.  6  ins.  Depth  of 
hold,  12  ft.  8  ins.  Draft  of  water,  5  ft.  6  ins.  Floors — molded,  14  ins. — sided,  6  ins. — 
apart  from  centres,  16  ins.  Her  frame  is  of  white  oak,  chestnut,  &c.,  and  very  securely 
fastened  with  copper  and  treenails.     Tonnage,  860  tons. 

Engines. — Vertical  beam.  Diameter  of  cylinder,  48  ins.  Lcngtli  of  stroke  of  pis- 
ton, 11  feet. 

Boiler. — One — Drop  flue.  Length,  30  ft.  Breadth,  10  feet.  Height,  10  feet.  Has 
water  bottom.     Location  in  hold.     Ts'o  blowers. 

Paddlb  Wheels. — Diameter  over  boards,  21ft.     Material  of  wood.    Number,  18. 

Remarks. — This  ferry  boat  is  probably  the  largest  of  its  kind  in 
the  workl :  it  certainly  will  be  one  of  the  most  capacious  and  splen- 
did vessels  of  its  class  on  our  rivers,  when  finished.  Her  wood  work 
consists  of  the  best  quality  of  oak,  locust,  and  mahogany.  She  has 
one  independent  steam,  fire,  and  bilge  pump,  and  ordinary  bilge  in- 
jections. Contrary  to  general  usage  with  such  boats,  her  bottom  was 
entirely  coppered  at  the  period  of  launching.  It  is  customary  not  to 
copper  them  until  they  have  been  in  service  about  six  months.  Her 
aggregate  cost  will  be  §60.000.  She  will  take  her  appropriate  posi- 
tion on  the  Jersey  City  Line  about  the  first  of  November. 

The  Steamer  Fire  Dart. 

Hull  built  by  Thomas  Collyer,  New  York.  Machinery  in  process 
of  construction  by  the  Neptune  Iron  Works,  New  York.  Owners, 
Augustine  Heard,  Jr.,  &:  Co.,  Boston.  Commander,  Henry  "W.  John- 
son.    Intended  service,  coast  of  China. 

Hull. — Length  on  deck,  200  ft.  Breadth  of  beam  ("molded),  30  ft.  Depth  of  hold, 
11  ft.  Do.  to  spar  deck,  11  ft.  3  ins.  Draft  of  water  at  load  line,  5  ft.  6  ins.  Floors — 
molded,  14  ins. — sided,  5  ins. — apart  from  centres,  26  ins.  Her  frame  is  of  white  oak, 
&c.,  and  fastened  in  the  most  thorough  manner.  Tonnage,  650  tons.  Masts,  two — 
Rig,  Schooner. 

ExGixES. — Vertical  beam.  Diameter  of  cylinder,  46  ins.  Length  of  stroke  of  pis- 
ton, 12  feet. 
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BoiLEKH. — Two — Return  flucd.  Length,  27  feet.  Breadth,  9  feet  10  inchca.  Height, 
8  ft.  'J  ins. 

Paddlk  Wheels. — Diameter  over  boarda,  28  ft.  Length  of  blades,  8  ft.  Depth,  2  ft. 
IV umber,  24. 

Remarks. — This  steamer  lias  been  constnicted  of  the  best  materials 
and  put  t()<ji;ctlK'r  in  a  m.-istcrly  manner.  Her  nnxlel  appears  to  be 
■without  fault.  She  is  furnished  witli  guards  simihir  to  a  steam-sliip, 
and  will  be  enelosed  to  the  promenade  deck,  ller  value  when  finished 
will  be  about  §8o,000.  J\Ir.  Collyer  is  erecting  other  vessels  (of  wliich 
mention  will  be  made  below)  for  parties  in  ]5oston  and  China.  This 
builder  seems  to  have  achieved  a  celebrity  in  the  East  somewhat  akin 
to  other  builders  with  us.  It  has  not  been  long  since  papers  pub- 
lished in  England  contained  an  account  of  the  performances  of  a  new 
steamer  sent  from  the  Clyde,  in  contrast  with  the  steamer  Yang-tse, 
built  by  Mr.  Collyer,  and  which  had  been  running  in  Chinese  waters 
a  period  of  three  years ;  they  made  the  reluctant  admission  that  though 
the  former  cost  nearly  three  times  as  much  on  the  Clyde  as  the  latter 
did  in  the  United  States,  she  consumed  double  the  amount  of  coal, 
and  had  less  capacity  for  freight  and  passengers,  thereby  showing  a 
clear  triumph  for  the  American  steamer. 

The  Steamer  Primeira. 

Hull  built  by  "Webb  &  Bell,  Green  Point,  L.  I.  Machinery  in  pro- 
cess of  construction  by  the  Novelty  Iron  Works,  New  York.  Owners, 
Dr.  Haney  and  others,  Rio  Janeiro,  S.  A.  Intended  service,  Bay  of 
Rio  Janeiro. 

Hull. — Length  on  deck,  130  ft.  Width  over  guards,  50  ft.  Breadth  of  beam,  28  ft. 
Depth  of  hold,  10  feet.  Do.  to  spar  deck,  9  ft.  6  ins.  Draft  of  water  at  load  line,  6  ft. 
Floors — molded,  13  ins. — sided,  9  ins. — apart  from  centres,  24  ins.  Frames  very  securely 
fastened.     Tonnage,  350  tons. 

Engines. — Vertical  beam.  Diameter  of  cylinder,  32  ins.  Length  of  stroke  of  piston, 
8  ft.     To  be  of  180  horse-power,  calculated  to  insure  a  speed  of  12  knots  per  hour. 

Boiler. — Drop  flue.     Length,  21  ft.     Breadth,  8  ft.  6  ins.     Height,  8  ft.  6  ins. 

Paddle  Wheels. — Diameter  over  boards,  16  ft.  Length  of  wheel  blades,  6  ft.  8  ins. 
Depth,  2  ft.     Number,  14. 

Remarks. — This  vessel  is  most  appropriately  called  the  Primeira 
(first),  and  is  one  of  three  which  are  intended  for  the  use  of  our  south- 
ern imperial  neighbor,  designed  for  service  as  above  stated.  Dr.  Ra- 
ney,  a  gentleman  of  great  energy  and  enterprise,  after  a  year  of  most 
incessant  labor,  and  encountering  the  combined  opposition  of  the  old 
Thames  boat  ferry  company  and  the  whole  English  influence,  which 
has  monopolized  the  steam-ship  business  in  Brazil  ever  since  the  intro- 
duction of  steam  power,  last  winter  succeeded  in  establishing  a  com- 
pany for  running  steamers  on  the  American  plan,  and  obtaining  a 
charter  from  the  government,  conferring  the  right  of  navigating  the 
Bay  of  Rio  Janeiro  for  a  period  of  thirty  years.  As  no  other  steamer 
has  ever  been  built  for  that  country  by  American  ship -builders,  it  is 
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reasonable  to  hope  that  this  will  give  such  a  good  account  of  herself 
as  to  secure  more  business  of  the  same  kind  for  our  yards. 

This  vessel  is  constructed  with  extraonlinary  stren;;th,  her  materials 
being  principally  of  white  oak.  The  ceiling  and  ])lanking  arc  of  2J 
inch  white  oak,  with  double  frames  of  the  same,  continuing  from  stem 
to  stern,  and  strongly  copper  fastened.  The  manner  of  her  whole 
construction  is  highly  creditable  to  the  skill  of  Messrs.  Weblj  &  ]>ell, 
anil  gives  great  satisfaction  to  lier  owners.  The  keel  of  the  other  two 
Will  be  laid  immediately.     Their  aggregate  cost  will  be  §180,000. 

The  Clipper  Bark,  D.  Golden  Murray. 

Hull  built  by  E.  Lupton,  Green  Point,  L.  I.  Owner,  D.  Golden 
Murray,  City  of  New  York.  Commander,  Capt.  Richard  Lee,  for- 
merly of  the  bark  Lucky  Star.  Superintendent  of  construction,  J.  C. 
Conner.     Intended  service.  New  York  to  Galveston,  Texas. 

Hill.— Length  of  keel,  112  feet.  Do.  of  main  deck,  122  feet.  Do.  over  all,  133  ft. 
Breailth  of  beam  at  midship  section,  30  feet.  Depth  of  hold,  12  feet  6  ins.  Frames  of 
white  oak,  &.C.,  &c.,  and  thoroughly  fastened.     Tonnage,  510  tons. 

Hcmarks. — The  model  of  this  bark  bespeaks  speed  and  excellent 
carrying  abilities.  She  is  capable  of  bearing  835  tons  dead  weight, 
and  then  will  draw  but  ten  feet  of  water.  She  has  been  fitted  with 
all  the  modern  improvements,  having  double  topsail  yards  and  patent 
reefs  in  her  courses.  There  are  seven  vessels  now  beloni:'in;x  to  this 
line  of  packets,  and  it  is  expected  that  this,  the  last  addition,  will  fully 
sustain  their  excellent  reputation. 

The  above  six  vessels  have  been  launched  within  a  very 
brief  period,  and  are  now  undergoing  the  process  of  com- 
pletion with  all  possible  despatch. 

The  following  are  still  on  the  stocks,  or  about  being  commenced  : — 

At  Thomas  Collyers,  New  York. 

A  day  boat  to  run  between  New  Y^ork  and  Albany  has  just  been 
commenced.  She  is  to  run  with  great  economy  of  fuel,  and  to  be  of 
50od  speed.     The  subjoined  are  some  of  her  dimensions : — 

Hull.— Length  on  deck,  250  ft.  Breadth  of  beam  (molded),  30  ft.  Depth  of  hold 
Lo  spar  deck,  10  ft.  Frames — molded,  13  ins. — sided,  4  ins. — apart  from  centres,  30  ins. 
Draft  of  water,  5  ft.     Tonnage,  700  tons. 

Engines. — Vertical  beam.  Diameter  of  cylinder,  60  ins.  Length  of  stroke  of  pis- 
ton, 10  feet. 

Boilers.— Two— Return  fined.  Length,  29  ft.  Breadth,  9  ft.  Height,  9  ft.  5  ins. 
N^umber  of  furnaces,  two  in  each. 

Paddle  Wheels. — Diameter  over  boards,  30  feet.  Length  of  blades,  9  feet,  rs'um- 
ber  of  do.,  24. 

The  machinery  to  be  constructed,  I  understand,  by  the  Neptune  Iron  Works. 

Also,  a  Steamer  for  Messrs.  John  "W.  Forbes  k  Co.,  of  Boston, 
Mass.,  under  the  superintendence  of  George  N.  Sands,  is  building 
here.     To  be  named  the  Hankow.* 

*  SJice  launched. 
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Hull. — Length  on  deck,  212  feet.  Breadth  of  beam  (molded),  30  ft.  6  ins.  Depth 
of  hold,  1  1  ft.  (J  ins.  Draft  of  water  at  load  line,  7  ft.  Floors,  molded,  14  ins.;  sided, 
7  ins.;  opart  from  eentres,  27i  ins.  'J'onriagc,  7.')()  tons.  Two  masts,  schooner  rigged. 
Machinery  to  be  constructed  by  the  Morgan  Iron  Works. 

Engines. — Vertical  beam.  Diameter  of  cylinder,  48  ins.  Length  of  stroke  of  pis- 
ton, 12  feet. 

BoiLEKS. — Two — Return  tubular.  Length,  20  feet.  Breadth,  11  feet.  Height,  9  ft. 
Two  furnaces  in  each  boiler. 

Paddle  Wiikels. — Diameter  over  boards,  29  ft.  Length  of  wheel  blades,  7  ft.  6  ins. 
Depth,  2  ft.     Number,  2G. 

This  vessel  will  be  made  very  strong,  being  iron  strapped  through- 
out and  well  timbered.  Materials  used,  white  oak,  chestnut,  &c.  It 
will  cost,  when  finished,  §1)0,000. 

This  is  the  third  vessel  erected  for  the  China  trade  for  Messrs. 
Forbes  &  Co.,  and  three  others  have  been  constructed  for  the  Chinese 
waters ;  one  of  which  was  sold  to  the  French  government  for  a  war 
steamer,  and  another  purchased  by  the  Chinese  government  for  war 
service,  to  protect  their  junks  from  the  depredations  of  the  river  pi- 
rates who  infest  their  waters.  The  others  are  actively  employed  on 
the  rivers. 

Another  steamer  of  smaller  dimensions  than  the  above  is  also  in 
process  of  construction,  for  parties  in  New  York,  who  design  placing 
her  in  the  coasting  and  river  trade  in  the  Chinese  Empire. 

Her  length  will  be  160  feet.  Breadth  of  beam  (molded),  26  ft.  Depth  of  hold,  10 
feet.     Not  yet  named.     Machinery  by  the  Morgan  Iron  Works. 

In  many  respects,  the  details  of  her  construction  will  be  similar  to 
the  Hankow. 

At  Henry  Steers\  WilliamshurgJi,  L.  I, 

A  beautiful  side-wheel  steamer  is  being  constructed  at  this  place, 
under  the  superintendence  of  Edward  N.  Dickerson.  She  is  intended 
to  run  in  conjunction  with  the  Florida  Railroad,  along  the  Gulf  Coast, 
between  Cedar  Keys  and  New  Orleans. 

Her  dimensions  will  be  as  follows  : — 

Length  on  deck,  285  feet.  Breadth  of  beam  ("molded^,  37  ft.  6  ins.  Depth  of  hold, 
13  feet.     Tonnage,  1350  tons. 

Another  steamer  of  similar  construction  will  soon  be  commenced  by 
Mr.  Steers. 

At  Sneden  ^  BowlancTs,  Green  Pointy  L,  I, 

A  large  side-wheel  steamer,  to  run  between  New  York  and  New 
Haven,  is  in  process  of  erection  here.  Her  dimensions  will  be  as 
follows : — 

Hull. — Length  on  deck,  280  ft.  Breadth  of  beam  (molded),  35  ft.  Depth  of  hold, 
11  ft.  Draft  of  water,  6  ft.  Frames,  of  white  oak,  chestnut,  and  cedar,  copper  fastened, 
and  diagonally  and  double  laid  with  iron  straps,  3^  by  9-16ths  of  an  inch.  Tonnage, 
1200  tons. 
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Engines. — Vertical  beam.  Diamctor  of  cylinder,  G5  inches.  Length  of  stroke  of 
piston,  VZ  feet. 

Boilers. — 'I'wo — Kcturn  dual. 

Paddle  Wiikkls — Dianu'tor  over  boanls,  28  feet. 

The  machinery  is  to  he  constructed  hy  the  Neptune  Iron  Works,  New  York. 

The  erection  of  two  more  steam  vessels  has  also  been  commenced. 
Thov  arc  intended  for  the  Norwich  and  New  York  Steam  Navii^ation 
Co.,  to  run  in  conjunction  witli  the  Norwich  and  Worcester  Railroad. 
Tlicir  principal  dimensions  will  be  : — 

Length  on  deck,  300  feet.  Breadth  of  beam  (molded).  37  ft.  G  ins.  De})th  of  hold, 
13  feet.  The  contract  for  constructing  the  machinery  has  just  been  completed  with  the 
Novelty  Iron  Works.  They  will  have  beam  engines,  with  a  cylinder  75  inches  in  dia- 
meter, and  stroke  of  piston  of  12  feet.     Their  tonnage  will  be  1350  tons  each. 

The  keel  of  an  iron  propeller  has  also  been  laid.  She  is  building 
for  Pezant  Bros,  k  Co.,  to  run  between  Mexico  and  Cuba  in  the  cattle 
trade.     Iler  dimensions  will  be  : — 

Length  on  deck,  135  feet.  Breadth  of  beam,  22  feet.  Depth  of  hold,  5  feet.  She 
will  be  supplied  with  Ericsson's  hot-air  engine.     Tonnage,  300  tons. 

This  firm  will  immediately  begin  an  iron  steamer  for  the  New  Or- 
leans and  Mobile  mail  route.  Tiie  machinery,  I  understand,  is  to  be 
constructed  by  the  Morgan  Iron  Works.  I  append  her  principal  di- 
mensions : — 

Hull. — Length  on  deck,  250  feet.  Breadth  of  beam,  34  feet.  Depth  of  hold,  10  feet. 
Floors — 1 ,  molded,  3^  ins. — sided,  §ths  of  an  inch.  Frames — angle  iron,  3^x3^X1 
—apart  from  centres,  18  ins.  Five  single  plates,  fore  and  aft.  Keelsons,  having  lour 
angle  bars  on  each,  j^.     Keel,  U>  f  thick.     Tonnage,  650  tons. 

Engines. — Vertical  beam.  Diameter  of  cylinder,  50  ins.  Length  of  stroke  of  piston, 
10  feet. 

Boiler. — Return  flued. 

Paddle  Wheels. — Diameter  over  boards,  30  feet,  with  a  face  of  10  feet. 

At  LaivrenceSj'  Foulk's,    Williamsburg Jij  L.  I. 

They  have  upon  the  stocks  and  nearly  completed  a  steamer  for  the 
Spanish  Government,  intended  for  towing  purposes  in  the  harbor  of 
Havana.     Her  dimensions  are  : — 

Length  on  deck,  100  ft.  Breadth  of  beam,  24  ft.  Depth  of  hold,  9  ft.  6  ins.  Ton- 
nage, 275  tons. 

Machinery — By  the  Fulton  Iron  Works. 

Engine. — Vertical  beam.  Diameter  of  cylinder  30  ins.  Length  of  stroke  of  piston, 
6  feet. 

The  cost  of  this  boat,  when  finished,  will  be  §30,000. 

At  Wm.  H,  Webb's,  New  York, 

Is  now  building  a  magnificent  side-wheel   steamer  for  Saml.  L.  Mit- 
chell's New  York  and  Savannah  Line.     Her  dimensions  will  be : — 

Length  on  deck,  250  ft.  Breadth  of  beam  (molded;,  38  ft.  Depth  of  hold,  22  ft.  6 
ins.    Tonnage,  1750  tons. 
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These  (limcnaions  will  niukc  lier  considerably  larger  than  any  ves- 
sel on  the  lin(;,  and  will  increase  the  nunilxn*  of  running  ones  to  four 
side-wlieel  steamers  and  one  j)ro})eller.  Machinery  by  the  Morgan 
Iron  Works. 

Mr.  Wcbh  is  also  building  a  largo  packet  ship  for  the  Black  Ball 
Line.  Owners,  Charles  11.  Marshall  k  Co.,  City  of  New  York.  She 
will  be  constructed  of  white  and  live  oak  and  locust,  and  possess  two 
decks.     Iler  dimensions  are  : — 

Length  on  deck,  278  ft.  Breadth  of  beam,  39  ft.  Depth  of  hold,  23  ft.  Tonnage, 
2000  tons.     Will  be  completed  about  the  middle  of  November. 

A  brig  of  270  tons  is  also  building  here,  ller  destination  will  be 
the  Brazos  lliver. 

At  S.  Allison  s,  Jersey  City. 

A  steamboat  for  Roman  k  Tremper,  Kingston,  N.  Y.,  is  building 
here.  The  route  of  her  intended  service  will  be  between  the  City  of 
New  York  and  Kingston,  on  the  North  River,    ller  dimensions  are: — 

Length  on  deck,  242  feet.  Breadth  of  beam  Cmolded),  34  ft.  3  ins.  Depth  of  hold, 
9  feet.     Engine  of  56-inch  cylinder,  and  12  feet  stroke  of  piston. 

She  will  be  finished  in  the  course  of  two  months,  and  will  then  take 
the  place  of  the  North  America^  which  is  getting  very  old. 

At  Webb  ^^  BelVs,  Green  Point,  L.  /., 

Is  building  a  fine  steamer  for  the  Stonington  Line.  She  will  be  272 
feet  in  length,  32  feet  beam,  and  10  feet  depth  of  hold.  The  Novelty 
Iron  AVorks  will  construct  the  machinery. 

They  have  also  on  the  stocks  a  brig  of  250  tons,  for  I.  k  N.  Smith 
&  Co.,  City  of  New  York,, to  run  between  New  York  and  the  West 
Indies.     Her  dimensions  are  : — 

Length  on  deck,  117  ft.     Breadth  of  beam,  27  ft.     Depth  of  hold,  8  ft.  6  ins. 

Her  cost  will  be  $120,000. 

At  Roosevelt,  Joyce  ^  Co.'s,  New  YorJc. 

They  have  in  course  of  erection  at  their  yard  four  ferry  boats,  each 
of  500  tons  burthen.  Two  are  for  the  Union  Ferry  Co.,  and  the 
others  for  the  East  River  Ferry  Co.,  City  of  New  York.  The  latter 
intending  to  ply  between  Hunter's  Point  and  New  York,  in  connexion 
with  the  Long  Island  Railroad  Company.  The  former  will  run  be- 
tween the  City  of  New  Y^'ork  and  Brooklyn.  The  machinery  of  the 
lot  will  be  supplied  by  the  Allaire  Iron  Works.  The  cylinders  of  the 
engines  will  be  34  inches  in  diameter,  with  a  stroke  of  piston  of  9  ft. 

At  Novelty  Iron  Works,  New  York, 

At  this  place  a  beautiful  iron  screw  steamer  is  now  building.  Own- 
ers, H.  Cromwell  k  Co.  Intended  service.  New  York  to  Wilmington, 
N.  C.     Her  principal  dimensions  will  be  : — 

Length  on  deck,  180  ft.  Breadth  of  beam,  25  ft.  Depth  of  hold,  15  ft.  Her  hull 
will  be  of  iron,  whilst  the  upper  portion  will  consist  of  wood,  constituting  her  one  of  the 
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Btnunchrst  vessels  in  our  waters.  Her  i-ugitic  will  be  of  42  inrhes  diameter  of  cylimlcr, 
with  a  stroke  of  piston  of  3  ft.  6  ins.  Her  {tropeilcr  will  be  12  feet  in  diameter.  Ton- 
nage, 650  tons. 

These  works  have  also  contraeted  to  erect  an  iron  steamer,  100  feet 
in  length,  for  parties  in  Carthagena,  South  America. 

Thus,  it  will  be  seen  by  these  particulars  that  no  surer  or  more  reli- 
able index  of  the  skill  of  our  mechanics  and  the  prosperity  and  welfare 
of  our  commercial  relations  can  lie  found,  than  in  the  activity  of  the 
ahip-building  trade  of  the  City  of  2sew  York  and  its  vicinity. 

E.  B. 


The  Incrustation  of  Boilers.'*' 

Mr.  James  R.  Xapicr,  ship-builder  and  engineer,  of  Glasjrow,  sub- 
mitted to  the  Philosophical  Society  of  that  city,  on  the  \bi\\  ult.,  a 
very  interesting  paper  on  the  incrustation  of  boilers  using  sea-water, 
to  which  we  think  it  desirable  to  draw  particular  attention.  It  appears 
that  on  a  former  occasion  Mr.  James  Napier,  chemist,  read  a  paper 
on  the  same  subject  to  the  Society,  in  which  he  made  certain  sugges- 
tions. Feeling  much  interested  in  these  suggestions,  Mr.  James  R. 
N^apier  put  them  to  trial  on  board  the  Islesman,  on  a  voyage  to  the 
Qorth  of  Scotland  in  1858,  in  order,  if  possible,  to  see  the  effect.  On 
this  occasion,  we  are  told,  half  a  pound  of  dissolved  soda  ash  was 
forced  into  the  boiler  along  with  the  feed-water  at  9h.  30m. ;  at  llh. 
BOm.  another  half  pound  was  forced  in ;  at  oh.  30m.  one  pound  was 
forced  in ;  and  at  other  times,  more  was  put  in.  The  only  effect  ob- 
served by  these  operations  was  making  the  water  in  the  gauge  glass 
3f  a  milky  appearance  within  a  few  minutes  after  the  soda  was  intro- 
iuced ;  it  continued  so  for  probably  an  hour  afrer  each  injection,  a 
small  pipe  near  the  surface  of  the  water  allowing  a  continuous  dis- 
charge from  the  boiler. 

The  experiments  showed  that  if  the  system  proved  economical,  a 
simple  plan  could  easily  be  arranged  for  carrying  it  out.  But  as  Mr. 
N'apier,  in  his  paper,  states  ^'that  this  sort  of  crust  (sulphate  of  lime) 
cannot  be  avoided  by  care  or  mechanical  means,  except  by  keeping 
the  salt  in  the  water  under  its  crystallizing  quantity,  which  would  ne- 
cessitate such  an  amount  of  blowing  off  and  supply  as  would  render 
it  expensive,"  the  expense  of  both  methods  was  calculated — the  che- 
mical one  of  neutralizing  the  sulphate  of  lime  with  soda,  and  the  me- 
chanical one  of  an  abundant  discharge  and  supply,  so  as  to  keep  the 
sulphate  of  lime  under  its  crystallizing  quantity.  It  is  necessary  for 
this  purpose  to  know  the  relative  proportions  of  feed-water,  and  water 
required  to  be  discharged,  in  order  to  prevent  scale  or  crust.  Many 
writers  treat  this  crust,  says  Mr.  J.  R.  Xapier,  as  if  it  were  common 
salt,  and  instruct  persons  how  to  make  and  graduate  instruments  for 
iscertaining  its  quantity,  the  graduations  being  effected  by  observing 

*From  the  London  ilechanics'  Magazine,  Feb^  1860. 
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the  (lopths  to  Avliicli  tlic  instrument  sinks  in  water  in  wliicli  certain 
proportions  of  common  salt  has  been  dissolved.  They  say,  sea-water 
contains  3  per  cent,  of  salt,  and  when  the  boiler  contains  less  than  12 
per  cent,  there  will  l)e  little  or  no  crust;  therefore  it  is  necessary  to 
blow  off  3-12ths  or  l-4th  of  the  feed-water,  in  order  to  prevent  the 
formation  of  crust.  This  reasonin;^^  however,  as  Mr.  Napier  remarks, 
is  unsatisfactory ;  as  it  is  evident  to  any  one  who  has  the  sense  of 
taste,  that  the  crust  is  not  common  salt;  and  chemical  analysis  shows 
that  sea-water  from  the  English  Channel,  although  it  contains  nearly 
3  per  cent,  of  common  salt,  contains  only  about  0*8  per  cent,  of  the 
materials  forming  the  crust,  and  only  0*14  per  cent,  of  the  material 
of  which,  according  to  Mr.  Napier,  chemist,  upwards  of  90  per  cent, 
of  the  crust  is  composed.  It  is  also  shown  by  analysis  that  a  saturat- 
ed solution  of  this  material  (sulphate  of  lime)  in  cold  distilled  water, 
is  as  1  to  380,  and  as  1  to  388  in  boiling  water,  or  25*7  parts  of  lime 
to  10,000  of  solution.  Mr.  Napier,  however,  found  203  grains  of  sul- 
phate of  lime  per  gallon  in  water  taken  from  a  boiler  off  Ailsa  Craig. 
Its  density  is  not  stated ;  but  assuming  it  to  contain  twice  its  natural 
quantity  of  saline  matter,  or  its  density  to  be  1*0548,  sea  water  being 
1-0274,— this  gives  the  ratio  203  to  7*3,830,  or  1  of  sulphate  of  lime 
to  3G4  of  solution,  or  27*47  of  sulphate  of  lime  to  10,000  of  solution. 
This  proportion,  it  is  inferred,  is  either  a  saturated  solution,  or  such 
as  the  engineer  of  the  vessel  found  little  or  no  crust  formed  in.  For 
want  of  better  data,  28  of  sulphate  of  lime  to  10,000  of  solution  is 
assumed  as  the  limit  of  saturation  in  boilers  using  sea-water,  working 
at  pressures  not  exceeding  20  lbs.  above  the  atmosphere.  This  is 
equivalent  to  discharging  14-28ths,  or  one-half  of  the  feed-water. 
This  assumption  is  confirmed  by  the  practice  of  the  British  and  North 
American  Mail  Company;  by  Mr.  Napier's  Ailsa  Craig  engineer,  who 
was  evidently  blowing  off  nearly  this  amount ;  and  by  an  experiment 
of  Mr.  Thomas  Rowan,  of  Glasgow,  made  for  the  purpose  of  ascer- 
taining when  the  sulphate  of  lime  and  when  the  common  salt  deposit- 
ed.    He  found,  when  he 

evaporated         2-lOths         of  the  water,  a  trace  of  sulphate  of  lime 

deposited. 

"  4-lOths,  ditto,  ditto. 

"  5-lOths,        the  sulphate  of  lime  began  to  deposit  in 

larger  quantities. 

"  6-lOths,  ditto,  decided  quantities. 

"  8-lOths,        sulphate  of  lime  deposited  in  very  large 

quantities  ;  also  magnesia  and  salt  began 
to  form. 
*'Mr.  Rowan's  experiment,"  says  Mr.  J.  R.  Napier,  "although  in- 
definite as  to  the  quantities,  shows  that  the  sulphate  of  lime  begins  to 
deposit  before  even  one-half  of  the  water  is  evaporated.  It  is  proba- 
ble, therefore,  that  this  quantity,  or  more,  would  require  to  be  dis- 
charged in  order  to  prevent  the  formation  of  crust  in  boilers." 

A  saturated  solution  of  common  salt  in  distilled  water  is  given  as 
27  of  salt  to  100  of  solution ;  and  a  saturated  solution  in  sea-water  is 
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[\i(l  to  be  3G  of  salt  to  100  of  solution.  TIk'  former  ratio  has  Leon 
lioson  for  comparison  in  this  case,  so  that  2T--7Uths,  or  only  1-1 0th,  of 
lie  ioeil-water  wouUl  rcMpiire  to  he  discharged  in  order  to  prevent  tho 
)rmation  of  common  salt,  and  c^-lOths  to  be  neutralized  by  soda  to 
revent  the  deposit  of  sulphate  of  lime,  the  1-1  Oth  discharged  being  a 
aturated  solution  of  sulpliate  of  lime  and  connnon  salt.  It  is  tliua 
hown,  that  by  the  chemical  method  it  is  necessary  to  discharge  1-lOtli 
f  the  feed-water,  and  neutralize  the  sulphate  of  lime  in  8-lOths  of  it 
ith  soda,  according  to  Mr.  Napier's  method,  to  prevent  crust  ;  and 
y  the  mechanical  method,  it  is  necessary  to  discharge  5-lOths.  The 
uantity  of  soda  ash  (supposed  to  contain  50  per  cent,  soda)  is  found 
y  the  formula  y  of  fj^ffajf  of  ^%  of  feed-water. 

For  the  purpose  of  ilhistrating  the  expense  of  both  methods  of  pre- 
enting  crust,  and  also  the  loss  by  the  bh)wing-off  method,  the  case  of 
,  vessel  has  been  taken  by  Mr.  J.  R.  Napier,  working  at  a  tempera- 
ure  of  270°,  and  evaporating  at  that  temperature  7i  lbs.  of  water 
rom  100°  per  lb.  of  coal. 

Chemical  Mothod, 
lea-water  supplioj  to  lioilcr,  temp.  100°,  15  0  lbs.  8-33  lbs. 

Vater  discharcrocl,  270"^,  7-5     "  0-S3     " 

N'ater  evaporated,  7-5     '*  7-5       " 

.'otal  heat  evaporating  from  100°  at  '270°  //,.o 
=  1092  4-  3-10  (Tj  —32^  —  (1^—32) 

=  1095-  "  8215°-5  8215°-5 

leat  discharged,  1275°  142° 

'uel  consuiued  in  evaporation,  10     "  10       "  coal. 

^0-0172  lbs.  coal 
•'uel  consumed  in  preventing  crust,  0*155  lbs.  coal,     <      -f-  0-0085  lbs. 

C       soda  ash. 

r  1-017    lbs.  coal 
rotal  fuel,  1-155  lbs.  coal,     ^      -f-  0-0085  lbs. 

(      soda  ash. 

Thus,  it  is  seen  that  it  requires  only  172  lbs.  coal  +  85  lbs.  soda 
ish,  containing  50  per  cent,  soda,  to  be  as  efficient  in  preventing  crust 
is  1550  lbs.  of  coal  alone,  which  evaporates  7J  lbs.  water  from  100° 
it  270°.  And  these  methods  are  equally  expensive  when  the  soda 
ish  is  16-2  times  dearer  than  the  coal.  This  ratio  varies  with  the  ef- 
Sciency  of  the  fuel  and  the  temperature  of  evaporation. 

Although  when  coals  are  10s.  and  soda  ash  £10,  Mr.  Napier's  me- 
thod is  more  expensive  than  the  ordinary  one  of  discharging  the  satu- 
rated water,  there  are  many  cases  where  it  is  probable  the  owners  of 
vessels  would  profit  by  its  adoption.  In  long  voyages,  for  example, 
a.  vessel  requiring  by  the  ordinary  mode  1155  tons  of  coal,  would  by 
Mr.  Napier's  method  require,  as  Mr.  J.  R.  Napier  remarks,  1017  tons 
coal,  and  8J  tons  soda  ash,  or  1025J  tons  weight.  There  would  be  a 
saving  in  money,  therefore,  of  138  tons  coal,  129  tons  of  freight,  and 
8J  tons  of  soda  ash;  or  if  coals  are  10s.  per  ton,  freight  £3,  and  soda 
ash  £11  per  ton,  the  saving  would  be  £362.  That  boilers,  however, 
can  be  worked  till  the  water  in  them  is  nearly  saturated  with  common 
salt,  or  that  the  soda  ash  can  be  so  accurately  proportioned  as  exactly 
to  neutralize  the  sulphate  of  lime,  are  problems  which  are  believed  to 
be  new,  and  have  not  yet  been  attempted.  The  considerable  saving 
which  may  be  effected,  shows  that  the  method  is  worthy  of  a  trial. 
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"We  quote  the  follo^Ying  remarks  from  the  conclusion  of  Mr.  J.  R. 
Napier's  paper  : — 

*' From  the  foren;oinr]r  example,"  he  says,  "of  a  vessel  worked  at  a 
temperature  of  270°,  it  is  also  seen  that  a  quantity  of  fuel,  equal  to 
15J  per  cent,  of  tliat  which  produces  evaporation,  is  consumed  by  the 
ordinary  Llowiiif^-ofT  metliod,  in  order  to  prevent  crust,  and  this 
amount  increases  with  the  temperature.  Brine  chests  have  been  fre- 
quently used  for  the  recovery  of  this  notable  loss ;  but  af)parently 
from  a  misapprehension  of  the  quantity  of  water  necessary  to  be  dis- 
charij^cd,  and  a  want  of  knowledge  of  tlie  amount  of  surface  required 
to  al)sorb  tlie  discharged  heat,  of  a  capacity  greatly  too  small  for  their 
purpose.  If  Peclet's  formula  for  calculating  this  surface  is  to  be 
trusted,  those  chests  on  board  the  West  India  mail  steamship  La  Plata, 
and  some  of  the  British  and  North  American  Company's  packets,  are 
l-15th  to  l-20th  of  the  size  that  would  be  efficient.  When  these  brine 
chests,  regenerators,  or  heat  economizers,  therefore,  are  made  with  a 
sufficient  amount  of  surface,  so  that  abundance  of  water  can  be  sup- 
plied to  and  discharged  from  the  boilers  with  little  loss  of  heat,  then 
there  will  be  no  incrustation  of  boilers,  and  a  probable  saving  of  from 
12  to  13  per  cent,  of  their  fuel.  Peclet's  formula,  or  Professor  Ran- 
kine's  reduction  of  it,  which  gives  the  probable  amount  of  surface  re- 
quired for  a  difference  of  temperature  of  140°  between  the  feed  and 
the  discharged  water,  at  1-lOth  square  foot  per  ft),  of  brine  discharged 
per  hour,  becomes  under  the  same  circumstances,  and  when  the  quan- 
tity of  brine  discharged  is  equal  to  the  quantity  of  water  evaporated, 
1-1 0th  square  foot  of  surface  per  ft),  of  water  evaporated  per  hour. 
The  introduction  of  Dr.  Joule's  spiral  wires  to  the  system  will  proba- 
bly render  less  surface  efficient.  This  amount  of  discharge  and  sur- 
face, it  is  expected,  will  prevent  incrustation,  and  save  nine-tenths  of 
the  heat  at  present  lost." 


On  tlie  Construction  of  Artillery  and  other  Vessels  to  resist  great  in- 
ternal pressure."^^     By  J.  A.  LoNGRiDGE,  M.  Inst.  C.  E. 

It  was  stated  in  the  outset,  that  it  was  not  proposed  to  treat  of  the 
very  wide  range  of  subjects  involved  in  the  construction  of  the  most 
perfect  description  of  ordnance,  but  to  limit  the  inquiry  to  the  ques- 
tion, how  to  make  a  gun  of  sufficient  strength  to  enable  the  artillerist 
to  obtain  the  full  effect  of  the  explosive  compound  used  in  it  ?  This 
question  was  one  which  the  civil  engineer  was  probably  more  fitted  to 
deal  with  than  the  artillery  officer,  inasmuch  as  it  required  nothing 
beyond  a  knowledge  of  the  properties  and  laws  of  action  of  those  ma- 
terials with  which  his  every-day  practice  made  him  familiar. 

The  attention  of  the  author  was  drawn  to  the  subject  early  in  the 
year  1855.  Following  up  the  reasoning  of  Prof.  Barlow  on  hydraulic 
press  cylinders,  he  was  led  to  consider  how  the  internal  defect  of  any 
homogeneous  cylinder  could  be  remedied.  Prof.  Barlow  had  shown, 
that  in  every  such  cylinder  the  increase  of  strength  was  not  in  pro- 

•*  From  the  Lond.  Civ.  Eng.  and  Arch.  Journal,  Mar.,  1660. 
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portion  to  tlie  increase  of  thieknesa,  and  tliat  a  vessel  of  iiifiiiito 
[liickness  eiuiUl  not  nltiinatrly  resist  an  internal  pressnre  greater  than 
[lie  tensile  forces  ctf  tlie  material  of  ^vliieh  it  was  composed.  The  ma- 
terial at  the  internal  circumferenee  mi«zht,  in  fact,  be  strained  to  its 
Litmost,  when  that  at  the  cmtside  was  scarcely  strained  at  all.  To  re- 
medy this,  it  was  necessary  that  each  concentric  layer  of  the  ^un  or 
[jyliniler  shouUl  he  in  an  initi:il  state  of  stress,  such  that  when  the 
pressnro  was  apijjied,  the  sum  of  the  initial  and  the  induced  stresses 
jhould  be  a  constant  (juantity  throu<rhout  the  whole  thickness  of  tho 
cylinder.  It  occurred  to  the  author  that  this  could  be  accomplished 
by  forming  the  gun  or  cylinder  of  a  thin  internal  shell  or  case,  and 
?oiling  round  it  successive  series  of  wires,  each  coil  being  laid  on  with 
the  tension  due  to  its  position. 

The  principle  of  building  up  a  gun  in  successive  layers,  with  incrcas- 
ng  initial  tension,  was,  therefore,  that  which  it  was  intended  to  bring 
forward  in  this  paper.  The  author  claimed  no  exclusive  merit  for  this 
jlea.  Although  tlien  unknown  to  hiui,  it  was  being  folloAved  up  by 
Oapt.  Blakely,  Mr.  Mallet,  and  others,  who,  however,  sought  for  its 
practical  outcome  in  rings  or  hoops,  contracted  or  forced  on  to  the 
central  core.  Capt.  Blakely  had,  equally  with  the  author,  the  idea  of 
making  use  of  wire,  although  his  experiments  wxh'c  entirely  confined 
to  hoops.  It  was  in  complete  ignorance  of  what  others  were  doing 
that  the  author  undertook  the  ex})eriments  recorded  and  described  in 
detail  in  the  present  paper.  The  results  were  so  striking,  that  he  lost 
QO  time  in  bringing  them  before  the  War  Department.  The  usual  re- 
ference was  made  to  the  Select  Committee  at  Woolwich,  with  the  usual 
result.  The  principle  was  pronounced  to  be  defective,  and  not  such 
as  to  warrant  any  trials  at  the  public  expense.  The  author,  however, 
continued  his  experiments,  and  the  results  were  such  as  entirely  to 
confirm  his  confidence  in  the  practical  utility  of  the  invention. 

Before  describing  these  experiments,  the  paper  referred  to  the  con- 
struction of  guns  as  hitherto  practised.  It  was  first  shown,  from  the 
author's  experiments,  that  the  strength  of  powder  was  about  17  tons 
per  square  inch.  The  system  of  rifling,  involving  elongated  shots 
ivithout  windage,  greatly  increased  the  strain  on  the  gun.  This  being 
30,  it  was  not  surprising  that  many  attempts  to  rifle  the  ordinary  guns 
had  proved  fruitless.  Even  independent  of  this  extra  strain,  experi- 
ence had  shown  that  for  heavy  ordnan(?e,  cast  iron  w^as  too  weak  ;  and 
it  was  believed  that  this  was  not  owing,  as  had  been  stated,  to  any  de- 
terioration in  the  quality  of  the  material,  or  to  any  want  of  honesty 
on  the  part  of  the  contractors,  but  simply  to  more  work  being  put 
upon  cast  iron  than  it  would  bear. 

Experiments  on  the  direct  tensile  force  of  cast  iron  must  not  be 
depended  upon,  when  the  material  was  cast  in  a  huge  mass  like  that 
of  a  68-ft).  gun  or  a  13-inch  mortar.  Neither  could  such  experiments 
be  trusted  as  regarded  wrought  iron  or  steel.  It  was  shown  that  the 
iron  cut  from  the  inner  part  of  the  Princeton  gun  was  50  per  cent, 
weaker,  as  strained  by  the  explosion,  than  the  bar  iron  from  which  it 
was  made.     The  same   decrease  of  strength,  though  to  a  less  extent, 
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was  found  in  tlic  case  of  tlio  ^rcat  gun  forced  Ly  the  IMcrscy  Iron 
Company,  and  presented  by  them  to  the  country.  Moreover,  large 
masses  of  any  metallic  substance  must  always,  it  was  believed,  be  sub- 
ject to  ine([ualities  of  physical  structure,  which  rendered  them  un- 
trustworthy for  heavy  ordnance. 

These  considerations  led  the  author  and  others  to  tlic  principle  of 
construction  already  named.  Capt.  Bhikely  and  Mr.  Mallet  sought  to 
apply  it  by  means  of  hoops,  which,  under  almost  any  circumstances, 
gave  an  increase  of  strength.  If  correctly  applied,  this  increase  was 
very  considerable,  but  there  were  great  difiiculties  in  the  application. 
Each  hoop  was  itself  subject  to  the  same  law  as  a  homogeneous  cylin- 
der, and  consequently  a  series  of  hoops  was  wanting  in  that  uniform- 
ity of  strain  which  was  required.  It  was  possible  so  to  adjust  the 
hoops  that  at  the  time  of  explosion  the  inner  surface  of  each  might 
be  equally  strained,  but  the  strain  on  each  hoop  decreased  to  the  outer 
surface,  so  that  there  was  an  abrupt  change  at  the  junction  of  any  two 
hoops.  Moreover,  a  very  slight  error  in  workmanship  would  produce 
a  most  serious  effect.  Taking,  for  instance,  an  8-inch  gun,  constructed 
of  four  concentric  hoops,  the  total  thickness  being  6  J  inches,  an  error 
of  g  J(^-inch  in  the  size  of  the  outer  ring  would  reduce  its  strength  by 
43  per  cent. 

Wire,  on  the  other  hand,  afforded  the  greatest  possible  facility  of 
construction,  and  the  coils  might  be  laid  on  with  the  utmost  accuracy 
as  regarded  tension,  and  with  the  same  ease  and  regularity  as  thread 
was  wound  on  to  a  bobbin. 

The  first  series  of  experiments  tried  by  the  author  were  made  with 
brass  cylinders,  1  inch  internal  diameter  and  1-lOth  inch  thick.  Into 
these,  various  charges  of  powder  were  put,  and  the  ends  hermetically 
sealed.  The  total  capacity  of  these  cylinders  was  295  grains  of  pow- 
der. One  of  these  cylinders  was  burst  with  a  charge  of  90  grains. 
Another,  exactly  similar,  but  covered  with  four  coils  of  1-33  inch 
steel  wire,  was  uninjured  by  a  charge  of  200  grains. 

It  having  been  objected,  that  owing  to  the  brittleness  of  cast  iron 
it  would  be  impossible  to  use  it  in  conjunction  with  wire,  cylinders  of 
cast  iron  of  the  same  size  were  prepared.  Some  of  them  were  en- 
tirely filled  with  powder  (310  grains),  which  was  then  exploded  with- 
out injury  to  the  cylinder.  In  this  case,  the  cylinders,  which  were 
1-lOth  inch  thick,  were  bound  round  with  ten  coils  of  iron  wire.  No. 
21  gauge,  or  l-28th  inch  diameter.  The  bursting  charge,  without 
wire,  was  80  grains. 

After  this,  a  small  gun  was  made  of  cast  iron,  covered  with  wire. 
The  chase  was  3  feet  long,  and  the  calibre  3  inches.  The  cast  iron  at 
the  breech  was  -|-inch  thick,  and  decreased  to  f-inch  at  the  muzzle. 
Iron  wire  l-16th  inch  diameter  was  used,  there  being  twelve  coils  at 
the  breech,  and  four  coils  at  the  muzzle.  The  total  weight  of  the  gun 
with  its  wrought  iron  trunnion  stock,  was  3  cwt.  With  this  gun,  and 
an  elongated  shot  weighing  7J  Sbs.,  and  with  11  oz.  of  government 
cannon  powder,  a  range  of  upwards  of  1500  yards  was  attained,  the 
elevation  being  7°. 
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Anotlicr  application  of  tlic  ])riiu'iplc  was  stated  to  bo  to  the  cylin- 
ders of  hydrauiii'  presses,  and  an  instance  was  ^riven  of  a  cylinder  of 
G  inches  internal  diameter,  made  of  cast  iron  .{-inch  thick,  and  covered 
with  twelve  coils  of  l-l(Jth  inch  iron  wire.  This  cylinder  was  proved 
up  to  (J  tons  per  scjuare  inch,  when  it  ^ave  way  by  the  sides  shcariiif'' 
oil"  I  ho  bottom  plate.  The  cast  iron  was  not  shattered,  nor  was  a  siii<rlo 
coil  of  the  wire  injured. 

It  was  stated  that  these  cylinders  could  be  made  at  one-fourth  the 
weight  and  at  about  one-half  the  cost  of  the  ordinary  hydraulic  press 
cylinders;  and  that  their  li<rhtness  was  of  groat  importance  when  in- 
tended for  export  to  South  America  and  other  countries  whore  the 
means  of  transport  for  heavy  machinery  did  not  exist. 


TnvnM.ateil  for  the  Jmirnal  of  the  FrnnkJin  Tnplitute. 

Methods  emploi/ed  hy  the  Ancients  to  Move^  JTaul,  or  Raise  Blocks  of 
unusual  Dimensions.  Translated  by  J.  Bennett,  C.  E. 

From  Rondelet's  "  Art  of  Building." 

The  immense  ruins  of  the  ancient  edifices  of  Egypt  bear  witness  to 
:be  taste  which  the  Egyptians  bad  for  the  grand  and  durable  ;  the 
blocks  used  for  their  constructions  were  of  enormous  size.  Herodotus 
speaks  of  an  edifice  which  formed  a  part  of  the  temple  of  Latona  at 
Buto,  whose  walls  were  formed  of  a  single  rock  o2-8  feet  long  by  as 
3iuch  in  height.  The  ceiling  or  covering  of  this  edifice  was  also  a 
single  block  with  5-28  feet  thickness. 

In  another  place  he  says  that  Amasis  ordered  to  be  transported  from 
:he  Isle  of  Elephantine  to  the  town  of  Sais,  twenty  days  sail  distant, 
I  structure  formed  of  a  single  block  of  stone  ;  its  exterior  length  was 
27-72  feet  by  18-48  wide  and  10-56  feet  high.  The  interior  measured 
21-86  feet  in  length,  by  15-81  in  breadth,  by  Q'6  in  height.  Two  thou- 
sand men  were  employed  three  years  in  its  transportation. 

The  mass  of  this  last  structure,  deducting  the  empty  space  within, 
ivas  2822  cubic  feet,  and  its  weight  was  458,744  lbs.,  on  the  supposi- 
tion that  the  rock  w^as  formed  of  the  same  granite  as  the  obelisks. 

As  for  the  other  structure  which  formed  a  part  of  the  temple  of 
Latona  at  Buto,  the  Greek  text  of  Herodotus  seems  to  describe  the 
■our  walls  as  being  formed  of  a  single  block  hollowed  like  a  trough. 
[n  this  ease  it  would  have  required  a  block  of  147,200  cubic  feet,  with 
I  weight  of  24,260,500  lbs.,  and  supposing  it  was  not  transported  until 
ifter  being  hollowed,  its  weight  would  still  have  been  9,944,750  lbs. 

The  transportation  of  so  heavy  a  mass  and  of  so  great  volume  would 
ippear  as  an  inconceivable  difficulty,  even  by  water,  on  account  of 
;he  immense  size  of  the  vessel  or  platform  required  to  keep  afloat  so 
xreat  a  load,  which  was  twenty  times  that  transported  by  Amasis. 
[he  difficulties  of  unloading  and  moving  upon  the  ground  so  great  a 
nass  would  seem  to  be  insurmountable,  as  it  would  not  be  possible  to 
ind  machines  or  rollers  strong  enough  to  bear  such  a  weight  without 
3rushiug.  The  Count  of  Carbury,  who  had  charge  of  the  transportation 
5f  the  rock  to  St.  Petersburg,  whose  weight  was  only  3,234,000  lbs., 
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said  that  it  was  impossible  for  liiin  to  make  use  of  rollers ;  even  iron 
ones  wore  insiifricicnt.  Halls  of  wroufflit  and  cast  iron,  which  he 
tried  to  suhstitute  for  them,  were  ilattened  and  l)roi<en,  as  well  as  the 
cushions  of  the  same  metal,  in  which  these  balls  rollcrl  ;  only  those 
made  of  a  mixture  of  copper,  tin,  and  calamine  could  resist  the  pres- 
sure. Still,  as  we  cannot  contradict  a  matter  which  Herodotus  says 
he  saw  and  rep;arded  with  wonder,  we  must  believe  that  the  walls  of 
this  structure  were  hollowed  out  of  a  mass  of  rock  found  upon  the  spot. 
TJiis  conjecture  is  all  the  more  prohahle,  an  Herodotiia  does  not  mention 
where  this  enormous  block  came  from,  nor  the  mode  of  its  transporta- 
tion. 

As  for  the  stone  Avhich  formed  the  upper  part  of  the  structure,  it 
is  evident  that  it  must  have  been  taken  from  another  block,  and  that 
it  must  have  been  moved  and  raised  above  the  walls.  It  was  52-8  feet 
long  by  as  many  broad,  with  a  depth  of  5*28  feet,  making,  all  trimmed, 
a  mass  of  14,720  cubic  feet,  and  a  weight  of  1,984,950  lbs.,  supposing 
the  stone  to  be  of  a  mean  hardness  with  that  used  for  most  of  the  tem- 
ples and  for  the  steps  of  the  pyramids. 

A  block  of  such  dimensions  must  have  been  moved  in  the  same  po- 
sition it  was  to  have  when  laid.  The  operation  required  a  plane  and 
solid  surface  of  great  extent;  and  as  wood  was  scarce  in  Egypt,  we 
may  presume,  according  to  what  Herodotus  said  in  relation  to  the  great 
pyramid  of  Cheops,  that  in  these  extraordinary  circumstances  the 
custom  of  the  Egyptians  was  to  construct  large  causcAvays  and  inclined 
planes  of  cut  stone,  upon  which  they  hauled  the  enormous  stones  which 
they  prided  themselves  on  using  for  the  construction  of  their  edifices. 
These  means,  which  would  be  expensive  with  us,  were  but  a  small  mat- 
ter with  them,  by  reason  of  the  great  number  of  men  employed  upon 
their  works,  and  the  small,  wages  of  the  laborers,  and  the  insignificant 
cost  of  the  materials.  '■ 

When  thev  had  to  move  round  and  unwrought  masses  of  srranite,  such 
as  are  found  in  the  quarries  of  Egypt,  they  were  turned  over  or  rolled 
by  the  force  of  men.  In  many  places  far  distant  from  the  quarries, 
are  found  masses  of  granite  whose  transportation  appears  to  have  been 
interrupted  by  some  unforeseen  causes. 

As  for  the  blocks  which  do  not  come  in  this  kind  of  transportation, 
and  whose  surfaces  were  plane,  as  that  which  served  for  the  covering 
of  the  temple  at  Bute  and  the  monolithe  structure  of  Amasis,  we  be- 
lieve that  they  made  use  of  rollers  and  capstans,  the  most  simple  and 
ancient  machines,  the  most  powerful  and  speedy  in  their  effects.  To 
give  our  ideas  upon  this,  we  report  the  result  of  an  experiment  made 
upon  this  subject  with  a  cut  stone  weighing  1165  lbs. 

To  drag  this  stone  upon  a  horizontal  surface  of  the  game  material 
and  coarsely  cut  required  818  lbs. 

The  same  drawn  upon  pieces  of  wood  exacted  a  force  of  703  lbs. 

The  same  placed  upon  a  wood  platform  and  drawn  upon  wood  re- 
quired a  force  of  654  lbs.  But  soaping  the  two  surfaces  which  slid 
upon  each  other,  there  was  only  needed  196  lbs. 

This  stone,  put  upon  rollers  3*2  inches  diameter  and  set  in  motion 
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upon  a  surface  of  the  same  material,  required  only  a  force  of  3G'G8  lbs.; 
the  same  rolliiii:  upon  j)icc('s  of  wood  yicldctl  to  an  enbrt  of  oO  lbs., 
and  when  the  rollers  were  put  between  two  pieces  of  wood  23J  lbs.  suf- 
ficed. 

It  follows  from  this  experiment  that  to  draw  a  rough  stone  upon  a 
firm  and  smooth  bottom,  there  is  needed  a  little  over  J  of  its  wei«.'ht ; 
the  I,  if  the  surface  is  of  wood;  ;";,  if  the  movement  is  made  of  wood 
upon  wood  ;  and  if  the  two  sliding  surfaces  of  wood  are  soaped,  but  J. 
But  if  we  use  rollers  ])laced  immediately  between  the  stone  and  ground 
there  will  be  reiniired  a  little  over  .j'>  of  the  weight,  and  ,'^  if  they  roll 
upon  wood;  and  finally,  if  the}^  roll  between  two  smooth  wooden  sur- 
faces there  will  be  needed  but  about  the  -^^  of  the  weight. 

Still  it  is  proper  to  remark,  that  as  woods  compress  under  great 
loads,  the  rollers  made  of  this  material  are  subject  to  a  change  of  form, 
to  be  crushed,  and  to  sinking  in  the  pieces  between  Avhich  they  are 
placed ;  this  produces  a  friction,  whose  effect  increases  with  the  load. 
To  raise  the  obelisk  at  the  square  of  St.  Peter's  in  Rome,  which,  with 
all  its  fixtures,  weighed  829,250  lbs.,  there  were  required  forty  cap- 
stans, and  to  draw  it  upon  a  horizontal  plane  with  rollers  placed  be- 
tween two  wooden  surfaces  it  only  needed  four ;  whence  it  follows  in 
this  case  that  the  force  was  but  the  ^'^  part  of  the  weight,  while  the 
experiment  above  cited  gives  a  little  over  the  g'g  part.  But  Fontana, 
who  superintended  this  operation,  observed  that  most  of  the  rollers, 
which  were  70  in  number,  were  crushed,  and  that  the  others  sank  into 
the  pieces  of  wood  between  which  they  were  placed. 

To  have  the  full  benefit  of  the  rollers  they  should  be  as  incompres- 
sible as  the  surfaces  between  which  they  move.  Granite  rollers  be- 
tween surfaces  of  the  same  material  to  prevent  breaking  should  be  very 
short,  and  their  number  great,  to  have  as  little  of  the  load  as  possible 
on  each.  The  Icnorth  should  not  be  over  one-and-a-half  diameters. 
When  the  stone  has  considerable  width  they  must  be  set  in  many  rows. 
This  method,  if  practicable,  would  have  been  preferable  to  the  balls, 
which  the  Count  of  Carbury  used  for  the  transportation  of  the  rock 
which  served  for  the  base  of  the  equestrian  statue  of  Peter  the  Great ; 
they  required  the  ^^j  part  of  the  weight. 

From  the  results  of  these  experiments  and  the  observations  to  which 
they  give  rise,  we  may  calculate  the  force  required  to  transport  the 
stone  which  formed  the  monolithe  structure  at  Sais,  and  the  covering 
of  the  temple  at  Buto. 

Experience  with  works  has  taught  us  that  a  man  of  medium  strength 
and  used  to  work  like  those  employed  by  the  ancients  can  carry  a  load 
equal  to  his  weight  and  haul  one-and-a-half  times  as  much,  so  that  for 
the  stone  cover  of  the  temple  at  Buto,  whose  weight  we  have  estimated 
at  1,984,950  lbs.,  there  would  be  required  10,000  men  to  draw  it  upon 
a  smooth  and  solid  ground;  9000  to  draw  it  upon  a  surface  formed  of 
pieces  of  wood ;  8333  if  the  stone  was  put  upon  a  wood  platform  and 
drawn  upon  wood ;  and  only  2500  men  if  care  was  taken  to  soap  the 
two  surfaces  which  slid  upon  each  other. 

The  block  being  52-8  feet  wide,  the  men  could  easily  be  disposed  in 

26» 


306  Civil  Enrfineering, 

forty  rows,  wliicli  for  the  first  case  would  require  200  in  each  row, 
ill  case  thoy  wcro  ciiual,  and  imicli  less  if  tlicy  divcrf^cd  ;  225  for  the 
Bccond  ;  20<S  for  tlic  tliird ;  and  G2i  for  the  fourtli ;  the  last  is  the  most 
practicable  method. 

The  great  breadth  of  this  stone  and  its  weight  would  make  it  impos- 
sible to  use  wooden  rollers.  As  for  those  of  granite,  if  the  ground 
were  firm  and  smooth  enough  to  make  use  of  them,  800  men  or  7  J-  rows 
would  have  suiHced  to  move  the  load.  ]]ut  it  is  not  likely  that  this 
method  was  adopted  on  account  of  its  great  expense.  It  is  much  more 
probable  that  they  made  use  of  capstans. 

Supposing  a  simple  capstan,  traversed  by  two  levers  with  a  mean 
length  at  the  point  of  application  of  the  resultant  force  of  ten  times 
the  diameter  of  the  drum,  each  man  makes  an  effort  which  may  be 
valued  at  at  530}  lbs.  If  twelve  men  work  each  capstan,  their  effort 
will  be  0474  lbs.,  which  gives  in  the  first  case,  when  a  force  equal  to 
I  of  load  is  required,  2400  men  and  200  capstans. 

For  the  second  case  2160  men  and  180  capstans  ;  for  the  third  2000 
men  and  166  capstans ;  and  for  the  fourth  600  men  and  50  capstans. 

By  the  use  of  pulleys  and  muflies  the  number  of  men  and  capstans 
may  be  reduced  one-half  or  a  quarter. 

The  results  here  shown  indicate  the  force  necessary  to  move  the 
block  upon  a  horizontal  plane ;  but  as  it  had  to  be  raised  above  the 
walls  of  the  temple  which  it  served  to  cover,  in  raising  it  upon  an  in- 
clined plane  it  is  evident  that  the  force  must  be  increased  in  the  ratio 
of  its  inclination.  We  here  give  upon  this  subject  some  experiments 
which  will  serve  to  make  known  the  proportion  of  the  increase  of  the 
force. 

If  we  place  a  square  based  solid  upon  a  right  plane  and  the  surfaces 
are  not  polished,  more  or  iess  difficulty  is  experienced  in  moving  it, 
according  to  the  roughness  of  the  surfaces.  But  if,  instead  of  pushing 
the  body  for  its  motion,  we  incline  the  plane  until  it  commences 
sliding,  we  find  that  it  requires  as  much  force  to  move  a  round  body 
up  this  incline  as  to  draw  the  square  based  solid  upon  a  horizontal 
plane.  Moreover,  to  haul  up  the  square  based  solid  upon  an  inclined 
plane,  we  must  use  a  force  equal  to  that  which  would  cause  a  round 
body  to  rise  upon  an  inclined  plane  as  many  degrees  above  the  plane 
on  which  the  square  based  solid  began  to  slide,  as  the  first  plane  is 
above  the  horizontal. 

The  force  required  to  raise  a  round  body  upon  an  incline  is  very 
nearly  the  same  as  that  given  by  theory ;  whence  it  follows  if  we  take 
for  the  horizontal  plane,  that  upon  which  a  plane  surface  solid  begins 
to  slide,  we  shall  have  the  force  necessary  to  raise  this  solid  upon  any 
incline  by  adding  to  its  inclination  that  of  the  plane  taken  for  the  ho- 
rizontal. 

Experiments. — To  draw  upon  a  lias  slab  placed  horizontally  a  cube 
of  the  same  material,  with  a  face  of  4-26  inches  weighing  6*74  lbs.,  it 
required  a  force  of  3-57  lbs.  This  cube  did  not  begin  to  slide  until 
the  plane  on  which  it  stood  was  raised  a  little  more  than  30°,     To 
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draw  np  this  ])lano  a  roun<l  body  of  tlio  same  wri;rlit  and  material  re- 
quired o-i')'^  lbs  ;   tbe  diameter  of  ibe  body  was  4-(S  indies. 

To  draw  tbe  above  cube  upon  tbe  same  plane  inelined  80°,  tbe  line 
of  traction  bein^j;  parallel  to  plane,  required  a  force  of  5-\)i')  lbs.  Tbid 
force  is  sufficient  to  raise  tbe  round  body  npou  a  plane  inelined  1)0°. 

T/w  force  rcijiu'rcd  to  raise  a  round  bodj/  upon  inclines  of  oU''  and 
G0°  is  very  nearly  equal  to  tbat  pivcn  by  tbe  application  of  tbe  prin- 
ciples of  mecbanics.  For,  in  tbe  first  case,  tbcory  gives  3*37  lbs.  and 
exjHM'iment  3-r>2. 

For  tbe  second  case  tbeory  gives  5*87  lbs.,  and  erpcriment  5*0/!>  lbs. 

It  follows  from  tbese  experiments  tbat  in  taking  for  tbe  borizontal 
plane,  tbat  upon  wbicb  a  solid  witb  a  [dane  surface  begins  to  slide,  we 
sliall  lind  tbe  force  re([uired  to  raise  tins  solid  upon  any  incline,  by 
adding  to  tbe  inclination  of  tbis  plane,  tbat  of  tlie  plane  upon  wbicb  tbe 
solid  begins  to  slide.  Tbus,  to  make  an  application  of  tbis  rule  to  tbo 
great  block  of  Buto,  we  will  suppose  tbe  plane  for  carrying  it  above  tbe 
walls  was  inclined  at  Vl° .  Tbis  granted,  mecbanics  demonstrates  tbat 
tbe  force  required  to  raise  a  round  body  upon  an  inclined  plane  is  to  its 
weigbt,  as  tbe  beigbt  of  tbe  plane  is  to  its  lengtb  ;  we  bave  found  that 
to  draw  tbis  stone  upon  a  borizontal  plane,  in  tbe  first  case,  the  ne- 
cessary force  was  §  of  the  weight ;  that  is  to  say,  it  answers  to  tbat 
required  to  raise  a  round  body  upon  a  plane  of  41°  48',  to  which  add- 
ing the  12°,  for  tbe  slope  of  plane  on  which  the  block  is  to  be  raised, 
we  have  53°  48',  whose  sine  indicates  4  of  the  weight  in  place  of  §. 

In  the  second  case,  the  force,  being  |  of  the  weight,  answers  to  the 
sine  of  36°  53',  to  which  adding  12°,  we  have  48°  53',  whose  sine  in- 
dicates J  of  the  weight. 

For  the  third  case,  the  force  is  -?j  of  the  weight,  which  answers  to  sine 
of  33°  45',  and  of  45°  45'  in  adding  the  12°,  whose  sine  indicates  -J^j 
of  the  weight. 

Finally,  the  fourth  case,  which  exacts  but  \  of  the  weight,  answers 
to  the  sine  of  9°  36',  to  which  adding  the  12°  we  have  21°  36',  whose 
sine  indicates  a  force  equal  to  o^-  of  weight.  Thus,  by  using  simple 
capstans  without  muffles,  there  was  required,  in  the  first  case,  to  raise 
the  block  upon  an  incline  of  12°,  240  capstans  and  2880  men. 

For  the  second  case,  225  capstans  and  2700  men.  For  the  third 
case,  210  capstans  and  2520  men.  For  the  fourth  case,  108  capstans 
and  1296  men. 

Making  the  same  applications  to  the  monolithe  structure  of  Amasis, 
"whose  weight  was  458,744  lbs.,  we  shall  find  that  to  draw  it  without 
capstans  upon  a  horizontal  plane  like  that  of  the  first  case  required 
2444  men. 

For  the  second  case  2200  men ;  for  the  third  2037 ;  and  for  the 
fourth  611.  The  description  of  Herodotus  proves  that  the  third  method 
"was  adopted  for  transporting  this  edifice,  and  that  no  use  was  made  of 
rollers  or  capstans.  It  appears  that  the  structure  was  placed  upon  a 
platform  of  carpentry,  and  drawn  upon  pieces  of  wood.  The  same 
method  was  probably  used  for  transporting  the  obelisk  of  Rhamesses, 
spoken  of  by  Pliny,  for  which  20,000  men  were  employed.     This  obe- 
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lisk  W('iii;liC(I  l,(')l<S,r)0()  ll)s.,  including  its  fixtures  and'tlic  armatures 
ut"  carpentry  re<iuire(l  iVoni  its  great  weight  to  prevent  fracture.  This 
process  wouhl  require  more  than  TOOO  men  without  taking  account  of 
those  occupied  in  preparing  the  roads  and  macliines,  wliich  together 
miglit  recjuire  a  working  force  of  10,000  men,  and  a  like  number  for 
a  relay. 
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On  the  Construction  and  Durability  of  Steam  Boilers."^     By  Mr. 
Benjamin  Goodfellow,  of  Hyde. 

The  object  of  this  paper  is  to  communicate  some  circumstances  and 
changes  that  have  been  observed  by  the  writer  to  take  place  in  the  size 
and  form  of  boilers  at  different  temperatures,  which  aff'ect  considera- 
bly their  strength  and  durability,  by  causing  derangement  and  wear 
and  tear  to  a  much  greater  extent  than  he  believes  is  generally  sup- 
posed. His  attention  was  first  strongly  draw^n  to  this  subject  some 
years  ago  in  reference  to  a  large  multitubular  boiler  that  he  construct- 
ed, 23  feet  long  and  6J  feet  diam.etcr,  with  131  tubes,  11  feet  long 
and  3  inches  diameter  each ;  and  two  similar  boilers,  but  of  smaller 
dimensions,  with  9  feet  tubes.  A  short  time  after  these  had  been  put 
to  work,  it  w^as  found  that  several  of  the  tubes  began  to  leak  at  both 
ends,  although  they  had  previously  been  proved  up  to  120  ibs.  per 
square  inch  with  water  pressure,  when  all  was  good  and  tight,  and  the 
steam  pressure  they  worked  at  was  only  from  50  to  b^  ibs.  After 
this  leakage  had  been  made  good,  it  took  place  again  in  a  few  weeks ; 
and  this  was  repeated  several  times,  both  in  the  large  and  small  boil- 
ers, but  not  to  the  same  extent  in  the  small  ones.  This  led  the  writer 
to  conclude  that  the  cause  was  the  elongation  of  the  tubes  by  their 
being  heated  to  a  greater  extent  than  the  casing  of  the  boiler ;  and 
this  defect  appears  to  him  a  serious  objection  in  multitubular  boilers 
with  straight  tubes  of  considerable  length. 

In  the  construction  of  fluid  boilers  of  considerable  length,  say  from 
20  to  36  feet  long,  the  writer  at  first  adopted  the  plan  of  increasing 
the  diameter  of  the  flue,  so  as  to  increase  the  heating  surface  and  di- 
minish the  quantity  of  w^ater ;  bringing  the  flues  nearer  to  each  other, 
in  the  case  of  the  two-flued  boiler,  and  closer  to  the  sides  of  the  boiler, 
by  making  their  diameter  as  large  as  could  be  got  in.  After  a  num- 
ber of  these  had  been  got  to  work,  several  of  them  gave  way  trans- 
versely about  the  middle  seam  at  the  bottom,  especially  in  cases  where 
the  boiler  had  been  blown  off"  for  cleaning  and  cold  water  then  turned 
in  to  cool  it ;  the  effect  of  which  was  that  the  bottom  of  the  boiler  in- 
stantly contracted  in  length,  while  the  flues  retained  the  same  length, 
or  nearly  so,  as  when  working,  until  the  water  came  in  contact  with 
them,  thereby  necessarily  throwing  a  great  and  undue  strain  upon 
every  seam  of  the  boiler,  especially  on  the  lower  side,  in  consequence 

*  from  Newton's  London  Journal,  August,  1860. 
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of  the  flues  beiiii;  so  near  the  l)ott»)m  of  the  ])(»iler.  'IMie  writer  tlier(»- 
fore  eonoliuled  that  it  was  wroii^  to  increase  the  diaineter  of  the  cinU 
of  the  Hues,  ;is  this  ri'iulered  the  ends  of  tlie  boiler  much  in(>re  ri^id 
and  less  yielding  to  the  expansion  and  contraction  of  the  lines  and 
casiniT,  which  do  not  take  place  in  both  sinudtaneously  ov  to  the  same 
extent.  In  :i  boiler  oO  feet  long,  the  actual  expansion  of  the  barrel  of 
the  boiler  amounts  to  nearly  1  inch  in  length;  and  when  fired  in  tho 
ilue,  the  latter  is  elongated  ]  inch  more  than  the  casing,  in  conse- 
(|uence  of  its  being  at  so  much  higher  a  temperature.  The  evil  efiects 
of  this  cxjKxnsion  and  contraction  arc  further  augmented  by  the  ordi- 
nary use  of  gusset  stays,  by  which  the  ends  of  the  boiler  are  stifVened 
a^nd  rigidly  connected  to  the  barrel.  The  circumstance  of  the  boilers 
giving  way  in  the  middle  of  their  length  rather  than  in  any  other  part, 
was  owing,  in  the  writer's  o])inion,  to  their  being  supporte<l  on  a  lon- 
gitudinal centre  wall,  which  divided  the  flues,  or  on  two  walls ;  when 
full  of  water,  the  boiler  would  weigh  from  38  to  40  tons,  and  conse- 
quently there  would  be  a  great  friction  on  the  wall  when  the  boiler 
was  contracting;  and  the  strain  thus  produced  in  })ulling  the  two  ends 
of  the  boiler  nearer  together  is  concentrated  at  the  middle  of  its  len<zth, 
in  addition  to  the  strain  arising  from  the  resistance  occasioned  bv  the 
rigidity  of  the  flues  and  gusset  stays. 

In  order  to  obviate  these  difiiculties  in  flued  boilers,  and  to  provide 
for  expansion  and  contraction  taking  place  without  much  injury  to  the 
material  or  workmanship,  the  writer  has  been  led  to  adopt  flues  with 
tapered  ends,  which  give  a  greater  amount  of  elasticity  to  the  ends  of 
the  boiler ;  and  with  the  same  view,  the  gusset  stays  are  dispensed 
"with,  so  that  the  ends  are  not  connected  in  any  way  with  the  casing, 
except  by  an  angle-iron  ring  that  unites  the  two  together.  The  same 
plan  may  be  carried  out  in  a  single-flued  boiler,  either  by  tapering  the 
ends  of  the  flue,  or  placing  it  nearer  the  centre  of  the  boiler.  The 
ends  of  the  boiler  are  strengthened  independently  by  means  of  T  iron 
or  "  fish-back  "  girders  riveted  on  each  end  between  the  casing  and 
the  flues ;  and  there  are  no  longitudinal  stays  between  the  two  ends 
beyond  those  supplied  by  the  flues  and  casing,  each  end  plate  being 
treated  as  an  independent  transverse  girder  supported  round  its  edge. 
In  order  to  strengthen  the  bottom  of  the  boiler  at  the  middle,  against 
the  strain  produced  in  contracting  by  the  friction  of  the  longitudinal 
"walls  on  which  it  is  supported,  two  longitudinal  strips  of  angle-iron 
or  T  iron  are  riveted  on  the  inside,  at  about  3  feet  apart,  extending 
about  two-thirds  the  length  of  the  boiler.  The  writer  has  also  adopted 
for  some  time  a  plan  of  strengthening  flues  of  large  diameter  against 
collapse,  by  means  of  rings  of  T  iron  or  angle-iron,  riveted  at  suit- 
able intervals  round  the  outside  of  the  flue  at  the  joints.  In  these 
joints  the  two  ends  of  the  boiler  plates  are  not  brought  together,  but 
are  left  with  a  space  between  them  equal  to  the  thickness  of  the  outer 
rib  of  the  T  iron,  whereby  a  joint  is  obtained  having  no  greater  thick- 
ness of  metal  than  a  double  plate  at  any  part. 

The  absence  of  longitudinal  and  gusset  stays  in  this  construction  of 
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boiler  (loos  not  leave  tlic  ends  less  stron<^  to  resist  explosion  tlian  tlie 
other  ])a]'ts  of  tiic  casin;;  :  for  taking  the  whole  circumference  of  both 
flues  and  casing,  the  sectional  area  of  plate  resisting  the  pressure  on 
the  ends  of  the  boiler  is  4;}  times  greater  than  that  resisting  the  late- 
ral pressure  in  the  casing;  and  in  the  upper  half  of  the  ends,  where 
the  ])ressure  acts  upon  the  greatest  proj)ortionate  area,  producing  the 
greatest  longitudinal  tension,  the  resistance  is  3J  times  that  oflfered  to 
lateral  explosion  ;  while  in  the  lower  half  of  the  ends,  where  there  is 
the  least  proportionate  area  for  the  pressure  to  act  upon,  the  resist- 
ance is  G^  times  greater  than  the  lateral  resistance.  The  fact  that 
flued  boilers  generally  explode  endways  by  failure  of  the  lower  part 
of  the  ends  or  ctising — the  very  part  wliich  has  been  seen  to  be  origi- 
nally the  strongest — proves  that  the  strength  of  the  plates  at  that 
part  becomes  greatly  injured  by  the  excessive  strains  arising  from 
unequal  expansion  and  contraction  of  the  flues  and  the  casing  of  the 
boiler. 

Mr.  R.  B.  Longridge  could  confirm  the  observations  made  in  the 
paper  as  to  the  frequent  injury  caused  to  boilers  by  the  effects  of  un- 
equal strains  upon  different  portions ;  but  he  did  not  agree  with  the 
opinion  expressed  that  the  construction  of  boiler  proposed  would  be 
free  from  this  source  of  injury.  There  was  no  doubt  that  great  mis- 
chief arose  in  many  boilers  from  imperfect  circulation  of  the  water.  If 
perfect  circulation  could  be  obtained,  a  uniform  temperature  through- 
out the  boiler  w'ould  be  preserved,  and  these  evils  obviated.  In  two- 
flued  boilers,  generally,  it  was  a  great  defect  that  the  water  spaces 
"were  made  exceedingly  small,  and  the  descent  of  the  water  past  them 
"was  opposed  by  the  rising  current  from  the  heated  sides  of  the  flues ; 
so  that  the  only  place  where  the  water  could  descend  was  at  the  back 
end,  where  coolest ;  and  in  a  boiler  of  30  feet  length  this  downward 
current  was  not  able  to  reach  the  front  end.  Plates  had  been  put  into 
the  boiler  sometimes,  to  divert  the  currents  of  water,  and  cause  more 
regularity  of  circulation,  but  he  doubted  whether  with  much  success. 
When  a  couple  of  3  feet  flues  were  put  into  a  7  feet  boiler,  3  inch 
water  spaces  only  could  be  obtained ;  and  although  there  was  no  doubt 
a  better  combustion  in  a  large  flue,  yet  this  involved  the  sacrifice  of 
the  proper  width  of  water  space  for  insuring  due  circulation  in  the 
boiler,  w^hich  was  a  point  of  greater  importance. 

He  did  not  agree  with  the  mode  proposed  for  staying  boilers,  and 
did  not  think  it  w^as  at  all  advisable  to  dispense  with  both  longitudinal 
and  gusset  stays  ;  he  considered  that  the  end  should  not  be  left  de- 
pendent only  upon  the  riveting  to  the  cylindrical  shell  and  the  flues. 
The  girder  ends  of  the  boiler  would  no  doubt  be  strong  enough  so  long 
as  the  flues  held  good;  but  if  the  flues  got  seriously  overheated  at  any 
part  and  fracture  ensued,  which  was  an  accident  that  could  not  be 
absolutely  guarded  against,  the  boiler  end  might  then  give  way  on 
losing  the  support  of  the  flues.  In  the  case  of  boilers  set  upon  a  cen- 
tre bearing  wall,  he  did  not  see  how  the  friction  upon  the  bearing 
could  cause  such  strain  in  expanding  and  contracting  as  sensibly  to 
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nfToct  tlic  ilur:il»ility  of  the  plates;  but  tlie  best  plan  of  setting:;  such 
boilers  he  considered  was  to  support  them  upon  cast  iron  saddk's,  in 
such  a.  manner  as  not  to  be  dependent  for  support  on  the  brickwork 
formin*^  the  flues.  An  objectionable  action  was  caused  when  the  firo 
was  not  j)laced  in  the  boiler  flues,  but  below  the  boiler,  for  in  that  case 
there  was  a  continued  current  risin;;  at  the  sides,  causing:  a  descend- 
in<^  current  in  the  middle  between  the  two  flues,  which  made  the  de- 
posit all  accumulate  in  the  trian^rular  space  between  the  flues  and 
immediately  over  tlie  fire  :  in  many  such  cases,  the  plates  over  the 
fire  became  overheated  in  conse(|uence,  and  fractured  or  strained  at 
the  joints. 

Mr.  Goodfellow  considered  the  mode  of  fixing  boilers  on  east  iron 
Baddies  was  very  good,  and  preferred  it  where  a  centre  wall  was  not 
recjuired  for  division  between  the  flues.  In  respect  of  securing  the 
boiler  ends,  he  remembered  a  case  where  the  end  plates  were  increased 
from  J  to  I  inch  thickness,  on  account  of  the  boiler  leaking  at  the 
ends  ;  but  the  bottom  had  then  torn  asunder,  and  he  had  su^-iiestccl 
tapering  the  ends  of  the  flues  to  a  smaller  diameter,  so  as  to  increase 
the  area  of  flat  plate  at  the  boiler  end,  and  substituting  a  thinner 
plate,  for  the  purpose  of  getting  more  elastic  action  in  the  end  plate; 
this  had  entirely  removed  the  difficulty,  and  the  boiler  had  continued 
at  work  for  IJ  years  since  then,  without  any  failure,  lie  had  found, 
by  carefully  measuring  the  end  of  a  two-tlued  boiler,  28  feet  long, 
that  the  front  end  plate  was  pushed  outwards  -J-  inch  in  the  centre, 
making  it  convex,  each  time  the  steam  was  up,  and  it  gradually  came 
back  again  on  the  boiler  cooling ;  the  back  end  of  the  boiler  was  not 
accessible  for  measurement,  being  within  the  brickwork,  but  both  ends 
must  have  sprung  nearly  alike  in  order  to  cause  the  bulging,  making 
altogether  ^  inch  alternation  in  length  of  the  flue,  constantly  goin^^ 
on  in  the  working  of  the  boiler.  It  appeared  to  him,  then,  that  as 
this  action  could  not  be  prevented,  it  was  the  best  course  to  allow  the 
end  plates  to  yield  to  it,  by  leaving  them  elastic,  and  not  hindering 
them  from  springing. 

Mr.  H,  W.  Harman  said,  that  from  his  experience  as  chief  inspector 
to  the  Manchester  Association  for  the  prevention  of  boiler  explosions, 
he  knew  of  no  better  construction  than  the  cylindrical  two-flued  boil- 
er, which  was  the  one  in  most  general  use ;  but  it  was  undoubtedly 
subject  to  the  derangements  pointed  out  in  the  paper,  from  the  effects 
of  unequal  expansion  and  contraction.  An  unequal  strain  was  caused 
upon  the  end  angle-iron  of  the  boiler  from  the  flues  being  attached  to 
the  end  plate  so  much  below  the  centre;  he  had  found  many  fractures 
of  the  end  plates  immediately  over  the  angle-irons  of  the  internal 
flues,  caused  principally  by  the  end  plates  not  yielding  suflSciently  to 
the  elongation  of  the  flues.  There  was  no  doubt  that,  if  the  plate 
were  held  too  rigidly  by  gusset  stays,  something  would  have  to  give 
way  to  the  inevitable  strain  from  expansion ;  but  he  could  not  agree 
at  all  with  the  plan  proposed  of  dispensing  altogether  with  gusset  and 
longitudinal  stays.  The  entire  omission  of  stays  would  be  the  oppo- 
site extreme,  and  he  thought  they  ought  not  to  be  abandoned  without 
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euLstituting  somctliinfy  else;  tlic  an^lo-iron -vvliicli  would  tlicn  form 
the  only  tie  between  tlie  end  pinto  an<l  shell,  was  unavoidably  a  com- 
paratively weak  form  of  iron  from  the  mode  of  its  rolliuf];,  and  he 
feared,  if  such  a  plan  were  adopted,  great  risk  of  accident  from  infe- 
rior (quality  of  angle-iron  would  ensue.  He  had  examined  boilers  that 
Inid  cxj)loded,  in  Avhich  the  whole  of  the  angle-iron  had  parted  along 
the  up})er  portion  of  the  boiler  end. 

As  to  the  strain  along  the  bottom  of  the  shell,  he  had  found  the 
addition  of  T  iron  stri])s  along  the  bottom  did  not  prevent  this,  and 
lie  believed  it  arose  entirely  from  want  of  circulation  in  the  water. 
The  plan  of  a  centre  wall  dividing  the  flue,  with  the  boiler  resting 
upon  it,  he  considered  objectionable;  for  any  leakage  of  water  trickled 
down  to  that  point,  and  was  absorbed  by  the  centre  wall  like  a  sponge, 
acting  as  a  constant  source  of  corrosion  to  the  boiler. 

Imperfect  circulation  of  water  formed,  he  believed,  the  most  serious 
defect  in  boilers ;  and  in  many  of  the  two-flued  boilers  this  was  chiefly 
owing  to  their  not  having  a  sufficient  water  space  between  the  flues 
and  shell,  lie  had  long  been  convinced  of  the  importance  of  insur- 
ing a  much  better  circulation  of  water  being  regularly  maintained 
in  boilers ;  and  he  contemplated  eff'ecting  this  by  direct  mechanical 
means. 

Mr.  D.  Adamson  thought  it  was  certainly  advisable  to  have  the  gus- 
set stays  for  support  to  the  end  plates  of  a  boiler,  and  he  did  not  see 
that  any  thing  could  be  gained  by  transferring  all  the  action  to  one 
joint ;  but,  on  the  contrary,  there  was  this  important  disadvantage  to 
be  considered — that  if  a  plate  were  bent  backwards  and  forwards  con- 
tinually, it  might  fail  ultimately,  though  not  subjected  at  any  one  time 
to  too  severe  a  strain  ;  if  all  the  buckling  action  were  thrown  on  the 
end  plate,  it  would  be  simply  a  question  of  time  as  to  its  ultimate  fail- 
ure. On  that  account,  he  thought  gusset  stays  should  not  be  aban- 
doned, and  they  served  also  as  a  good  support  against  collapse ;  he 
should  also  recommend  longitudinal  stays  to  be  retained  in  addition, 
for  relieving  the  strain  upon  the  boiler  end  joints  and  the  circular 
seams  of  the  boiler  shell. 

The  Chairman  said,  he  had  two-flued  boilers  at  his  works,  that  had 
been  in  constant  use  for  fifteen  years,  and  no  repairs  had  been  wanted 
to  them  yet,  and  he  had  found  them  completely  satisfactory ;  but  then 
he  never  used  angle-iron  in  the  construction  of  such  boilers,  consider- 
ing there  was  not  space  enough  for  the  plate  to  spring  with  the  addi- 
tional thickness  of  the  angle-iron.  The  plates  of  the  shell,  and  the 
flues,  were  all  flanched  over  at  the  ends  for  riveting  to  the  end  plates, 
requiring,  of  course,  best  material  for  the  plates ;  the  water  spaces  he 
made  never  less  than  6  inches,  and  preferred  8  inches ;  this  construc- 
tion gave  great  flexibility  to  the  ends  of  the  boiler,  and  there  was  no 
danger  of  failure,  he  believed,  until  the  boiler  was  actually  worn  out 
with  age. 
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Lecture  V.  (Jan.  (i,  l>^^0.)— Magnetism.— FAcctricitij. 

I  Avondcr  wliotlior  wc  shall  be  too  deep  to-day  or  not.  Ilcmem])er, 
tliat  we  spoko  of  tho  attraction  by  Ln-avitation  of  rz/Zbodics  to  all  bodies 
by  their  i>iniple  ai)proaeh.  Kemember,  that  Ave  spoke  of  the  attraction 
of  particles  of  the  same  kind  to  each  other, — that  power  which  keeps 
them  together  in  masses, — iron  attracted  to  iron,  brass  to  brass,  or 
■water  to  water.  Kemember,  that  we  found,  on  looking  into  water, 
that  tliere  were  particles  of  two  diiVerent  kinds  attracted  to  each  other; 
and  this  was  a  great  step  beyond  the  first  simple  attraction  of  gravi- 
tation ;  because  here  we  deal  with  attraction  between  different  kinds 
of  matter.  The  hydrogen  could  attract  tlie  oxygen  and  reduce  it  to 
water,  but  it  could  not  attract  any  of  its  own  particles,  so  that  there 
we  obtained  a  first  indication  of  the  existence  of  two  attractions. 

To-day  we  come  to  a  kind  of  attraction  even  more  curious  than  the 
last,  namely,  the  attraction  which  we  find  to  be  of  a  double  nature — 
of  a  curious  and  dual  nature.     And  I  want  first  of  all  to  make  the 
nature  of  this  doubleness  clear  to  you.    Bodies  are  sometimes  endowed 
with  a  wonderful  attraction,  which  is  not  found  in  them  in  their  ordi- 
nary state.    For  instance,  here  is  a  piece  of  shellac,  having  the  attrac- 
tion of  gravitation,  having  the  attraction  of  cohesion,  and  if  I  set  fire 
to  it,  it  would  have  the  attraction  of  chemical  affinity  to  the  oxygen 
in  the  atmosphere.    Now  all  these  powers  we  find  in  it  as  if  they  were 
parts  of  its  substance ;  but  there  is  another  property  which  I  will  try 
and  make  evident  by  means  of  this  ball,  this  bubble  of  air  [a  light  india- 
rubber  ball,  inflated  and  suspended  by  a  thread].    There  is  no  attrac- 
tion between  this  ball  and  this  shellac  at  present ;  there  may  be  a  little 
wind  in  the  room  slightly  moving  the  ball  about,  but  there  is  no  attrac- 
tion.    But  if  I  rub  the  shellac  with  a  piece  of  flannel  [rubbing  the 
shellac,  and  then  holding  it  near  the  ball],  look  at  the  attraction  which 
aas  arisen  out  of  the  shellac,  simply  by  this  friction,  and  which  I  may 
:ake  away  as  easily  by  drawing  it  gently  through  my  hand.     [The 
Lecturer  repeated  the  experiment  of  exciting  the  shellac,  and  then 
•emoving  the  attractive  power  by  drawing  it  through  his  hand.]    Again 
jOM  will  see  I  can  repeat  this  experiment  with  another  substance  ;  for 
f  I  take  a  glass  rod  and  rub  it  with  a  piece  of  silk  covered  with  what 
ve  call  amalgam,  look  at  the  attraction  which  it  has,  how  it  draws  the 
)all  towards  it ;  and  then,  as  before,  by  quietly  rubbing  it  through  the 
land,  the  attraction  will  be  all  removed  again  to  come  back  by  friction 
vith  this  silk. 

But  now  we  come  to  another  fact.  I  will  take  this  piece  of  shellac, 
md  make  it  attractive  by  friction ;  and  remember  that  whenever  we 
jet  an  attraction  of  gravity,  chemical  affinity,  adhesion,  or  electricity 
as  in  this  case),  the  body  which  attracts  is  attracted  also,  and  just 
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as  much  as  tlint  ball  was  attracted  by  the  slicUac,  the  shellac  was  at- 
tracted by  tlic  ball.  Now  I  will  8us|)C'iid  tliis  piece  of  excited  shellac  in 
a  little  paper  stirrup,  in  tliis  way  (Fig.  1),  in  order  to  make  it  move 
easily,  ancl  I  will  take  another  piece  of  shellac,  and  after  rubbing  it 
with  flannel,  will  bring  them  near  together :  you  will  think  that  they 
rig.  1.  ought  to  attract  each  other,  but 

now  what  happens  ?  It  does  not 
attract ;  on  the  contrary,  it  very 
strongly  repels,  and  I  can  thus 
drive  it  round  to  any  extent.  These 
therefore,  repel  each  other,  al- 
though they  are  so  strongly  at- 
tractive— repel  each  other  to  the 
extent  of  driving  this  heavy  piece 
of  shellac  round  and  round  in  this 
way.  But  if  I  excite  this  piece 
of  shellac  as  before,  and  take  this 
piece  of  glass  and  rub  it  with  silk  and  then  bring  them  near,  what  think 
you  will  happen  ?  [The  Lecturer  held  the  excited  glass  near  the  ex- 
cited shellac,  when  they  attracted  each  other  strongly.]  You  see, 
therefore,  what  a  difference  there  is  between  these  two  attractions, — 
they  are  actually  two  hinds  of  attraction  concerned  in  this  case,  quite 
different  to  any  thing  we  have  met  with  before ;  but  the  force  is  the 
same.  We  have  here  then  a  double  attraction — a  dual  attraction  or 
force — one  attracting  and  the  other  repelling. 

Again,  to  show  you  another  experiment  which  will  help  to  make 
this  clear  to  you.  Suppose  I  set  up  this  rough  indicator  again  [the 
excited  shellac  suspended  in  the  stirrup] ;  it  is  rough,  but  delicate 
enough  for  my  purpose  ;  and  suppose  I  take  this  other  piece  of  shellac, 
and  take  away  the  power,  which  I  can  do  by  drawing  it  gently  through 
the  hand ;  and  suppose  I  take  a  piece  of  flannel  (Fig.  2)  which  I  have 

Fig.  2. 


shaped  into  a  cap  for  it,  and  made  dry.  I  will  put  this  shellac  into 
the  flannel,  and  here  comes  out  a  very  beautiful  result.  I  will  rub  this 
shellac  and  the  flannel  together  (which  I  can  do  by  twisting  the  shellac 
round),  and  leave  them  in  contact ;  and  then  if,  I  ask,  by  bringing  them 
near  our  indicator,  what  is  the  attractive  force  ?  it  is  nothing !   But  if  I 
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take  them  apart,  ami  then  ask  wliat  will  they  do  ^vhen  they  arc  Rcpa- 
ratod, — ^vhy  the  shellac  is  stron;j;ly  repelled,  as  it  was  before,  but  the 
caj>  is  stroii*^ly  attractive;  and  yet  if  1  bring  them  both  together  again, 
there  is  no  attraction — it  has  all  disappeared  [the  experiment  was  re- 
peated]. Those  two  bodies  therefore  still  contain  this  attractive  power 
— when  they  were  parted  it  was  evident  to  your  senses  that  they  had 
it,  though  they  do  not  attract  when  they  are  together. 

This,  then,  is  sullicient  in  the  outset  to  give  you  an  idea  of  the  na- 
ture of  the  force  which  we  call  electricity.  There  is  no  end  to  the 
things  from  which  you  can  evolve  this  power.  When  you  go  home  take 
a  stick  of  sealing-wax — I  have  rather  a  large  stick,  but  a  smaller  one 
will  do — and  make  an  indicator  of  this  sort  (Fig.  3).  Take  a  watch- 
glass  (or  your  watch  itself  will  do, 
you  only  want  something  which 
shall  have  a  round  face),  and  now 
if  you  place  a  piece  of  flat  glass 
upon  that,  you  have  a  very  easily 
moved  centre ;  and  if  I  take  this 
lath  and  put  it  on  the  flat  glass 
(you  see  I  am  searching  for  the  centre  of  gravity  of  this  lath,  I  want 
to  balance  it  upon  the  watch-glass),  it  is  very  easily  moved  round,  and 
if  I  take  this  piece  of  sealing-wax  and  rub  it  against  my  coat,  and  then 
try  whether  it  is  attractive  [holding  it  near  the  lath],  you  see  how  strong 
the  attraction  is ;  I  can  even  draw  it  about.  Here,  then,  you  have  a 
very  beautiful  indicator,  for  I  have  with  a  small  piece  of  sealing-wax 
and  my  coat  pulled  round  a  plank  of  that  kind,  so  you  need  be  in  no 
want  of  indicators  to  discover  the  presence  of  this  attraction.  There 
is  scarcely  a  substance  which  we  may  not  use.  Here  are  some  indicators 
(Fig.  4).  I  bend  round  a  strip  of  paper  into  a  hoop  and  we  have  as 
good  an  indicator  as  can  be  required ;  see  Fig.  4. 

how  it  rolls  along,  traveling  after  the 
sealing-wax.  If  I  make  them  smaller, 
of  course  we  have  them  running  faster, 
and  sometimes  they  are  actually  attracted 
up  into  the  air.  Here  also  is  a  little  col- 
lodion balloon.  It  is  so  electrical  that  it 
will  scarcely  leave  my  hand  unless  to  go  to  the  other.  See  how  cu- 
riously electrical  it  is  ;  it  is  hardly  possible  for  me  to  touch  it  without 
making  it  electrical ;  and  here  is  a  piece  which  clings  to  any  thing  it 
is  brought  near,  and  which  it  is  not  easy  to  lay  down.  And  here  is 
another  substance,  gutta-percha,  in  thin  strips ;  it  is  astonishing  how 
by  rubbing  this  in  your  hands  you  make  it  electrical ;  but  our  time  for- 
bids us  to  go  farther  into  this  subject  at  present ;  you  see  clearly  there 
are  two  kinds  of  electricities  which  may  be  obtained  by  rubbing  shellac 
with  flannel  or  glass  with  silk. 

Now  there  are  some  curious  bodies  in  nature  (of  which  I  have  two 
specimens  on  the  table)  which  are  called  magnets  or  loadstones  ;  ores 
of  iron,  of  which  there  is  a  great  deal  sent  from  Sweden.  They  have 
the  attraction  of  gravitation,  and  attraction  of  cohesion,  and  certain 
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chemical  attraction ;  but  they  also  have  a  great  attractive  power,  for 
this  little  key  is  held  up  by  this  stone.  Now,  that  is  not  chemical  at- 
traction, it  is  not  the  attraction  of  chemic;il  aflinity,  or  of  af!;gre<^ation 
of  particles,  or  of  cohesion,  or  of  electricity  (for  it  will  not  attract  this 
ball  if  I  bring  it  near  it),  but  it  is  a  separate  and  dual  attraction,  and 
what  is  more,  one  which  is  not  readily  removed  from  the  substance, 
for  it  has  existed  in  it  for  ages  and  ages  in  the  bowels  of  the  earth. 
Now  we  can  make  artificial  magnets  (you  will  see  me  to-morrow  make 
artificial  magnets  of  extraordinary  ])Ower).  And  let  us  take  one  of 
these  artificial  magnets,  and  examine  it,  and  see  where  the  power  is 
in  the  mass,  and  whether  it  is  a  dual  power.  You  sec  it  attracts  these 
keys,  two  or  three  in  succession,  and  it  will  attract  a  very  large  piece 
of  iron.  That  then  is  a  very  different  thing  indeed  to  what  you  saw 
in  the  case  of  the  shellac,  for  that  only  attracted  a  light  ball,  but  here 
I  have  several  ounces  of  iron  held  up.  And  if  we  come  to  examine 
this  attraction  a  little  more  closely,  we  shall  find  it  presents  some  other 
remarkable  differences  ;  first  of  all,  one  end  of  this  bar  (Fig.  5)  attracts 
this  key,  but  the  middle  does  not  attract.  It  is  not  then  the  whole  of 
the  substance  which  attracts.  If  I  place  this  little  key  in  the  middle 
it  does  not  adhere ;  but  if  I  place  it  there,  a  little  nearer  the  end,  it 
does,  though  feebly.  Is  it  not  then  very  curious  to  find  that  there  is 
an  attractive  power  at  the  extremities  which  is  not  in  the  middle  ? — 
to  have  thus  in  one  bar  two  places  in  which  this  force  of  attraction 
resides.  If  I  take  this  bar  and  balance  it  carefully  on  a  point  so  that 
it  will  be  free  to  move  round,  I  can  try  what  action  this  piece  of  iron 
has  on  it.  Well,  it  attracts  one  end,  and  it  also  attracts  the  other  end, 
just  as  you  saw  the  shellac  and  the  glass  did,  with  the  exception  of  its 

Fig.  5.  Fig.  6. 


not  attracting  in  the  middle.  But  if  now,  instead  of  a  piece  of  iron,  I 
take  a  magnet,  and  examine  it  in  a  similar  way,  you  see  that  one  of  its 
ends  repels  the  suspended  magnet ;  the  force  then  is  no  longer  attrac- 
tion but  repulsion ;  but,  if  I  take  the  other  end  of  the  magnet  and 
bring  it  near,  it  shows  attraction  again. 

You  will  see  this  better,  perhaps,  by  another  kind  of  experiment. 
Here  (Fig.  6)  is  a  little  magnet,  and  I  have  colored  the  ends  difi'er- 
ently  so  that  you  may  distinguish  one  from  the  other.  Now  this  end 
(....)  of  the  magnet  (Fig.  5)  attracts  the  uncolored  of  the  little 
magnet.  You  see  it  pulls  it  towards  it  with  great  power.  And  as  I 
carry  it  round,  the  uncolored  end  still  follows.  But  now  if  I  gradually 
bring  the  middle  of  the  bar  magnet  opposite  the  uncolored  end  of  the 
needle,  it  has  no  effect  upon  it,  either  of  attraction  or  repulsion,  until, 
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as  I  come  to  tlio  opj^osite  extremity  (....)  you  see  that  it  is  the  co- 
lored oml  of  the  noodle  whicli  is  j)iillo(l  towards  it.  We  are  now  there- 
fore doaliii«j;  witli  two  kinds  of  ])owor,  attractin<^  diflVront  ends  of  tlio 
mafrnet — a  double  ])ower,  already  existing  in  these  bodies,  which  takes 
up  the  form  of  attriietion  and  repulsion.  And  now  when  1  ])Ut  up  this 
label  with  the  word  MAUNETISM,  you  will  understand  that  it  is  to  ex- 
j)ress  this  doulde  power. 

xSow  with  this  loadstone  you  may  make  magnets  artificially.     Here 
is  an  artificial  magnet  (Fig.  T)  in  which  both  ends  have       Fig.  7. 
been  brought  together  in  order  to  increase  the  attraction. 
This  mass  will  lift  that  lump  of  iron,  and  what  is  more,  by 
placing  this  Jcccpcr^  as  it  is  called,  on  the  top  of  the  mag- 
net, and  taking  hold  of  the  handle,  it  will  adhere  sufl^iciently 
strongly  to  allow  itself  to  be  lifted  up,  so  wonderful  is  its 
power  of  attraction.     If  you  take  a  needle,  and  just  draw 
one  of  its  ends  along  one  extremity  of  the  magnet,  and 
then  draw  the  other  end  along  the  other  extremity,  and 
then  gently  place  it  on  the  surface  of  some  water  (the 
needle  will  generally  float  on  the  surface,  owing  to  the 
slight  greasincss  communicated  to  it  by  the  fingers),  you  will  be  able 
to  get  all  the  phenomena  of  attraction  and  repulsion,  by  bringing 
another  magnetized  needle  near  to  it. 

I  want  you  now  to  observe  that  although  I  have  shown  you  in  these 
magnets  that  this  double  power  becomes  evident  principally  at  the  ex- 
tremities, yet  the  whole  of  the  magnet  is  concerned  in  giving  the  power. 

That  will  at  first  seem  rather  strans^e,  and  I  must  therefore  show  you 
an  experiment  to  prove  that  this  is  not  an  accidental  matter,  but  that 
the  whole  of  the  mass  is  really  concerned  in  this  Y\^.  8. 

force,  just  as  in  falling  the  whole  of  tlie  mass  is  - 
acted  upon  by  the  force  of  gravitation.  I  have  here  ^^^  _  .'"^^j.'  -^  f^ 
(Fig.  8)  a  steel  bar,  and  I  am  going  to  make  it  a 
magnet  by  rubbing  it  on  the  large  magnet  (Fig.  7).  I  have  now  made 
the  two  ends  magnetic  in  opposite  ways.  I  do  not  at  present  know 
one  from  the  other,  but  we  can  soon  find  out.  You  see  when  I  bring 
it  near  our  magnetic  needle  (Fig.  C)  one  end  repels  and  the  other  at- 
tracts ;  and  the  middle  will  neither  attract  nor  repel — it  cannot^  be- 
cause it  is  lialf-ivay  hetrveen  the  tivo  ends.  But  now,  if  I  break  out 
that  piece  (n.  s.)  and  then  examine  it — see  how  strongly  one  end  (n) 
pulls  at  this  end  (s,  Fig.  6)  and  how  it  repels  the  other  end  (n).  And 
so  it  can  be  shown  that  every  part  of  the  magnet  contains  this  power 
of  attraction  and  repulsion,  but  that  the  power  is  only  rendered  evident 
at  the  end  of  the  mass.  You  will  understand  all  this  in  a  little  while, 
but  what  you  have  now  to  consider  is  that  every  part  of  tiiis  steel  is 
in  itself  a  magnet.  Here  is  a  little  fragment  which  I  have  broken  out 
of  the  very  centre  of  the  bar,  and  you  will  still  see  that  one  end  is  at- 
tractive and  the  other  is  repulsive.  Now,  is  not  this^  power  a  most 
wonderful  thing  ?  And  very  strange,  the  means  of  taking  it  from  one 
substance  and  bringing  it  to  other  matters.  I  cannot  make  a  piece 
of  iron  or  any  thing  else  heavier  or  lighter  than  it  is ;  its  cohesive  power 
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Fig.  9. 


it  must  and  docs  have ;  but  as  you  have  seen  by  tlicsc  experiments, 
we  can  add  or  subtract  this  power  of  magnetism,  and  almost  do  as  we 
like  with  it. 

And  now  we  will  return  for  a  short  time  to  tlie  su))jcct  treated  of 
at  the  commencement  of  this  lecture.     You  see  here  (Fig.  J^)  a  large 

machine  got  up  for  the  purpose 
of  rubbing  glass  with  silk  and 
for  obtaining  the  power  called 
electricity  ;  and  the  moment  the 
handle  of  the  machine  is  turned 
a  certain  amount  of  electricity 
is  evolved,  as  you  will  see  by  the 
rise  of  the  little  straw  indicator 
(....).  Now  I  know  from 
the  appearance  of  repulsion  of 
the  pith  ball  at  the  end  of  the 
straw  that  the  electricity  is  pre- 
sent in  those  brass  conductors 
(....),  and  I  want  you  to  see 
the  manner  in  which  that  electricity  can  pass  away  [touching  the  con- 
ductor (...)  with  his  finger,  the  Lecturer  drew  a  spark  from  it,  and 
the  straw  electrometer  immediately  fell].  There,  it  has  all  gone  ;  and 
that  I  have  really  taken  it  away  you  shall  see  by  an  experiment  of  this 
sort.  If  I  hold  this  cylinder  of  brass  by  the  glass  handle  and  touch 
the  conductor  with  it  I  take  away  a  little  of  the  electricity.  You  see 
the  spark  in  which  it  passes,  and  observe  that  the  pith  ball  indicator 
has  fallen  a  little,  which  seems  to  imply  that  so  much  electricity  is 
lost ;  but  it  is  not  lost,  it  is  here  in  this  brass,  and  I  can  take  it  away 
and  carry  it  about,  not  because  it  has  any  substance  of  its  own,  but 
by  some  strange  property  which  we  have  not  before  met  with  as  be- 
longing to  any  other  force.  Let  us  see  whether  we  have  it  here  or 
not.  [The  Lecturer  brought  the  charged  cylinder  to  a  jet  from  which 
gas  was  issuing ;  the  spark  was  seen  to  pass  from  the  cylinder  to  the 
jet,  but  the  gas  did  not  light.]  Ah  !  the  gas  did  not  light,  but  you 
saw  the  spark ;  there  is  perhaps  some  draft  in  the  room  which  blew 
the  gas  on  one  side,  or  else  it  would  light ;  we  will  try  this  experiment 
afterwards.  You  see  from  the  spark  that  I  can  transfer  the  power 
from  the  machine  to  this  cylinder,  and  then  carry  it  away  and  give  it 
to  some  other  body.  You  know  very  well  as  a  matter  of  experiment 
that  we  can  transfer  the  power  of  heat  from  one  thing  to  another;  for 
if  I  put  my  hand  near  the  fire  it  gets  hot.  I  can  show  you  this  by 
placing  before  us  this  ball  which  has  just  been  brought  red-hot  from 
the  fire.  If  I  press  this  wire  to  it  some  of  the  heat  will  be  transferred 
from  the  ball,  and  I  have  only  now  to  touch  this  piece  of  gun-cotton 
with  the  hot  wire  and  you  see  how  I  can  transfer  the  heat  from  the 
ball  to  the  wire  and  from  the  wire  to  the  cotton.  So  you  see  that  some 
powers  are  transferable  and  others  are  not.  Observe  how  long  the 
heat  stops  in  this  ball.  I  might  touch  it  with  the  wire,  or  with  my  fin 
ger,  aad  if  I  did  so  quickly,  I  should  merely  burn  the  surface  of  the 
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skin  :  whereas  if  I  toiicli  tluit  cylinder  however  rapidly  with  my  finger 
the  electricity  is  p^onc  at  once — dispersed  on  the  instunt,  in  a  manner 
wonderful  to  think  of. 

I  nnist  now  take  up  a  little  of  your  time  in  showin*;  you  the  manner 
in  which  these  powers  are  transferred  from  one  thing  to  another;  for 
the  manner  in  which  force  may  he  conducted  or  transmitted  is  ex- 
traordinary, and  most  essential  for  ns  to  understand.  Let  us  see  in 
what  manner  these  powers  travel  from  ])lace  to  place.  ]5oth  heat  and 
electricity  can  be  conducted  ;  and  here  is  an  arrangement  I  have  made 
to  show  how  the  former  can  tra-  Fig.  10. 

vel.  It  consists  of  a  har  of  cop- 
per (Fig.  10),  and  if  I  take  a 
spirit-lamp  (this  is  one  way  of 
obtaining  the  power  of  heat)  and  3 
place  it  under  that  little  chimney, 
the  Hame  will  strike  airainst  the 
bar  of  copper  and  keep  it  hot. 
Now  you  are  aAvare  that  power 
is  being  transferred  from  tlie 
flame  of  that  lamp  to  the. copper,  and  you  will  see  by-and-by  that  it 
is  being  conducted  along  the  copper  from  particle  to  particle  ;  for,  in- 
asmuch as  I  have  fastened  these  wooden  balls  by  a  little  wax  at  ))ar- 
ticular  distances  from  the  point  where  the  copper  is  first  heated,  first 
one  ball  will  fall  and  then  the  more  distant  ones,  as  the  heat  travels 
along,  and  thus  you  will  learn  that  the  heat  travels  gradually  through 
the  copper.  You  will  see  that  this  is  a  very  slow  conduction  of  power 
as  compared  with  electricity.  If  I  take  cylinders  of  wood  and  metal 
joined  together  at  the  ends  and  wrap  apiece  of  paper  round  and  then 
apply  the  heat  of  this  lamp  to  the  place  where  the  metal  and  wood  join, 
you  will  see  how  the  heat  will  accumulate  where  the  wood  is,  and  burn 
the  paper  with  which  I  have  covered  it ;  but  where  the  metal  is  beneath 
the  heat  is  conducted  away  too  fast  for  the  paper  to  be  burned.  And  so 
if  I  take  a  piece  of  wood  and  a  piece  of  metal  joined  together,  and  put 
it  so  that  the  flame  shall  play  equally  both  upon  one  and  the  other, 
we  shall  soon  find  that  the  metal  will  become  hot  before  the  wood ; 
for  if  I  put  a  piece  of  phosphorus  on  the  wood,  and  another  piece  on 
the  copper,  you  will  find  that  the  phosphorus  on  the  copper  will  take  fire 
before  that  on  the  wood  is  melted ;  and  this  shows  you  how  badly  the 
wood  conducts  heat.  But  with  regard  to  the  traveling  of  electricity 
from  place  to  place  its  rapidity  is  astonishing.  I  will,  first  of  all,  take 
these  pieces  of  glass  and  metal,  and  you  will  soon  understand  how  it  is 
that  the  glass  does  not  lose  the  power  which  it  acquired  when  it  is  rub- 
bed by  the  silk  ;  by  one  or  two  experiments  I  will  show  you.  If  I  take 
this  piece  of  brass  and  bring  it  near  the  machine,  you  see  how  the 
electricity  leaves  the  latter  and  passes  to  the  brass  cylinder.  And 
again,  if  I  take  a  rod  of  metal  and  touch  the  machine  with  it  I  lower 
the  indicator,  but  when  I  touch  it  with  a  rod  of  glass  no  power  is  drawn 
away,  showing  you  that  the  electricity  is  conducted  by  the  glass  and 
the  metal  in  a  manner  entirely  difi'erent;  and  to  make  you  see  that 
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more  clearly  we  will  take  one  of  our  Lcyden  jars.  Now,  I  must  not 
embarrass  your  minds  witli  this  subject  too  much,  but  if  1  take  a  piece 
of  int'tal  and  brin;;  it  against  tlie  knol)  at  the  top  and  tlie  metallic 
coating  at  tlie  bottom  you  will  see  the  electricity  passing  through  the 
air  as  a  brilliant  spark.  It  takes  no  sensible  time  to  pass  through 
this,  and  if  I  were  to  take  a  long  metallic  wire,  no  matter  what  the 
length,  at  least  as  far  as  we  are  concerned  ;  and  if  I  make  one  end  of 
it  touch  the  outside  and  the  other  touch  the  knob  at  the  top — see  how 
the  electricity  passes ! — it  has  ilaslied  instantaneously  through  the  whole 
length  of  this  wire.  Is  not  this  dilfcrent  iVoni  the  transmission  of  heat 
through  this  copper  bar  (Fig.  10),  Avhich  has  taken  a  (juarter  of  an  hour 
or  more  to  reach  the  first  ball  ? 

Here  is  another  experiment,  for  the  purpose  of  showing  the  conduct- 
ibility  of  this  power  through  some  bodies  and  not  through  others.  A\  hy 
do  I  have  this  arrangement  made  of  brass  ?  [pointing  to  the  brass  work 
of  the  electrical  machine,  Fig.  9.]     Because  it  conducts  electricity. 

And  why  do  I  have  these  columns  made  of 
glass?  Because  they  obstruct  the  passage 
of  electricity.  And  why  do  I  put  that  paper 
tassel  (Fig.  11)  .at  the  top  of  the  pole,  upon 
a  glass  rod,  and  connect  it  with  this  machine 
bv  means  of  a  wire  ?  You  see  at  once  that 
as  soon  as  the  handle  of  the  machine  is 
turned  the  electricity  which  is  evolved  travels 
along  this  wire  and  up  the  wooden  rod,  and 
goes  to  the  tassel  at  the  top,  and  you  see 
the  power  of  repulsion  with  which  it  has  en- 
dowed these  strips  of  paper,  each  spreading 
'outwards  to  the  ceiling  and  sides  of  the 
room.  The  outside  of  that  wire  is  covered 
with  gutta  percha ;  it  would  not  serve  to 
keep  the  force  from  you  if  you  touched  it 
with  vour  hands,  because  it  would  burst 
through,  but  it  answers  our  purpose  for  the 
present.  And  so  you  see  how  easily  I  can 
manage  so  as  to  send  this  power  of  electri- 
city from  place  to  place  by  choosing  the 
materials  which  can  conduct  the  power. 
^^  Suppose  I  want  to  fire  a  portion  of  gunpow- 
jy  der,  I  can  readily  do  it  by  this  transferable 
power  of  electricity.  I  will  take  a  Leyden 
jar,  or  any  other  arrangement  which  gives  us  this  power,  and  arrange 
wires  so  that  they  may  carry  the  power  to  the  place  I  wish  ;  and  then 
placing  a  little  gunpowder  on  the  extremities  of  the  wires,  the  moment 
I  make  the  connexion  by  this  discharging  rod,  I  shall  fire  the  gun- 
powder [the  connexion  was  made  and  the  gunpowder  ignited].  And 
if  I  were  to  show  you  a  stool  like  this,  and  were  to  explain  to  you  its 
construction,  you  could  easily  understand  that  we  use  glass  legs  be- 
cause these  are  capable  of  preventing  the  electricity  from  going  away 
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to  the  earth.  If,  therefore,  I  were  to  stand  on  tliis  stool  and  receive 
the  electricity  through  this  conductor  I  could  give  it  to  any  thing  that 
I  touched.  [The  Lecturer  stood  u])on  tlie  insuhiting-stool  and  ])laced 
himself  in  connexion  ^vith  the  conductor  of  the  machine]  Now  1  am 
electrified,  I  can  feel  my  hair  rising  up  as  the  paper  tassel  did  just 
now.  Let  us  see  whether  I  can  succeed  in  lighting  gas  hy  toucliing 
the  jet  with  my  finger.  [The  Lecturer  brouglit  his  linger  near  a  jet  from 
which  gas  Avas  issuing,  wlien  after  one  or  two  attempts  tlie  spark  which 
came  from  his  finger  to  the  jet,  set  fire  to  the  gas.]  You  now  see  how 
it  is  tliat  tliis  power  of  electricity  can  be  transferred  from  the  matter 
in  which  it  is  generated,  and  conducted  along  wires  and  other  bodies, 
and  thus  be  made  to  serve  new  purposes  utterly  unattainable  by  the 
powers  we  have  spoken  of  on  previous  days  ;  and  you  will  not  now  be 
at  a  loss  to  bring  this  power  of  electricity  into  comparison  with  those 
which  we  have  previously  examined,  and  to-morrow  we  shall  be  able 
to  go  farther  into  the  consideration  of  these  transferable  powers. 

(To  be  Continued.) 


Steam  Boiler  Explosions,"^     By  J.  W.  Clare,  C.  E. 

I  have  devoted  considerable  attention  for  many  years  to  the  causes 
of  steam  boilers  exploding,  and  in  collecting  data  to  form  more  defi- 
nite rules  to  judge  of  their  strength  and  capabilities.  It  is  a  fact  not 
generally  known,  that  boiler  breakers  are  much  better  acquainted 
with  the  causes  of  steam  boiler  explosions  than  boiler  makers,  and  it 
should  be  more  generally  known  by  the  public  that  there  is  no  mys- 
tery whatever  in  the  case,  but  that  they  arise  simply  from  causes  that 
may  easily  be  avoided  or  prevented.  Some  eighteen  years  since,  I 
came  to  the  conclusion  that,  as  medical  men  obtained  an  insight  as  to 
the  causes  of  diseases  in  the  human  system  during  life,  by  dissecting 
and  examining  the  body  after  death,  I  would  adopt  the  same  plan 
with  old  steam  boilers  of  all  classes,  and  especially  those  which  had 
exploded,  to  arrive  at  better  remedies  for  their  general  defects  and 
weakness.  AVith  this  view,  I  have  repeatedly  scraped  olf  the  rust 
from  several  places  on  the  outside,  and  the  scale  also  from  the  inside, 
of  all  descriptions  of  old  steam  boilers,  and  then  watched  their  being 
broken  up,  and  examined  the  plates  afterwards ;  and  from  this  expe- 
rience, combined  with  general  observation  at  various  boiler  makers, 
and  of  a  large  number  in  use,  I  have  formed  the  following  conclu- 
sions : — 

First,  from  the  competition  among  boiler  makers  to  undersell  each 
other  a  great  deal  of  plate  and  angle-iron  has  been  used  in  the  con- 
struction of  boilers  that  is  quite  unfit  for  the  purpose ;  for  all  boiler 
iron  should  be  effectually  piled  difi^erent  ways  before  being  placed  in 
the  furnace,  to  ensure  the  fibre  or  grain  of  the  iron  extending  in  all 
directions  in  the  plane  of  the  surface. 

Secondly,  that  punching  out  one-third  of  the  iron  down  the  sides 
of  the  plates,  with  the  grain  of  the  metal,  driving  into  these  holes  a 

*  From  the  London  Engineer,  No.  235. 
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steel  drift,  to  force  them  opposite  to  each  otlicr,  and  then  driving  the 
inner  cdi^c  of  the  ])hite  uinhn'  Avith  steel  caulking  irons,  all  tends  to  gra- 
nulate and  strain  the  metal  left  hetween  tlie  rivets.  Whereas,  if  the 
holes  were  all  drilled  through  hoth  the  plates  at  once,  and  arranged 
to  form  a  douhh'  /ig/;ig  line,  and  a  slip  of  spun  yarn  and  white  lead, 
or  other  suitable  packing,  laid  in  between  the  two  lines  of  rivets, 
much  less  caulking  would  be  sufficient,  and  these  joints,  and  conse- 
quently the  whole  boiler,  could  be  more  securely  depended  upon.  And 
as  by  inspecting  the  plates  we  could  form  more  correct  opinions  as  to 
the  strength  of  boilers  than  we  can  by  the  present  plan  of  putting 
them  together,  I  have  continually  found  the  metal  between  the  holes 
so  much  deteriorated,  that  sharp  blows  with  a  sledge-hammer  would 
split  several  of  them  into  each  other ;  and  I  have  carefully  sawn  out 
thin  strips  of  the  metal  from  between  the  holes  and  compared  them 
with  similar  pieces  from  other  parts  of  the  same  plate,  and  invariably 
found  the  metal  from  between  the  holes  was  more  brittle  than  any 
other.  And  I  have  always  found  that  where  plates  had  been  drilled 
and  bolted  on  wdth  bolts  and  nuts  for  patches  on  old  boilers,  the  metal 
between  the  holes  was  not  injured.  I  have  also  found,  that  where 
patches  were  riveted  on  and  caulked,  the  metal  between  the  holes 
in  the  boiler  was  much  more  deteriorated  than  that  between  the  holes 
of  the  patch ;  and  from  this  I  have  inferred,  that  after  boiler-paltes 
have  been  acted  upon  by  heat  and  oxidation  they  will  not  bear  being 
hammered  without  greatly  reducing  their  power  of  adhesion  along 
the  line  over  which  the  hammer  has  been  used. 

Thirdly,  many  large  boilers  are  worked  up  to  a  higher  pressure  than 
formerly,  in  proportion  to  their  weight  and  strength,  being  hard  fired 
to  a  power  beyond  their  capabilities.  When  do  w^e  hear  of  a  steam 
boiler  exploding  among  the  hundreds  of  small  boilers  used  by  shop- 
keepers and  others  in  a  small  way  of  business,  who  have  not  sufficient 
work  to  strain  them  ? 

Fourthly,  many  manufacturers  use  their  boilers  too  long  a  time  for 
safety ;  I  have  frequently  seen  different  parts  of  plates  in  old  boilers, 
less  than  one-eighth  of  an  inch  thick,  and  in  other  cases  the  metal  of 
the  plates  so  perished,  as  not  to  bear  being  bent  to  a  greater  angle 
than  30  deg.  without  fracture.  From  this  I  argue  that  while  the 
strain  upon  a  boiler-plate  continues  in  one  direction,  it  may  be  worked 
until  w^orn  to  within  one-half  its  original  thickness  without  risk  of 
explosion  at  the  usual  working  pressure  ;  but  that  if  any  thing  occurs 
to  bend  or  twist  the  grain  of  the  metal,  either  by  hammering,  unequal 
expansion  or  contraction,  or  any  other  cause,  the  limit  of  elasticity  is 
so  greatly  reduced  as  to  render  it  incapable  to  withstand  the  usual  di- 
rect strain.  And  lastly,  boilers  frequently  leak  unperceived  into  one 
of  the  flues,  and  oxidation  goes  on  more  rapidly  than  usual.  I  will 
pass  over  such  causes  as  malconstruction,  negligence,  wilfulness,  &c., 
and  merely  observe,  in  conclusion,  that  if  all  persons  were  compelled 
to  inform  a  competent  surveyor  when  they  fixed  a  new  boiler,  and  it 
was  his  duty  to  go  and  examine  it,  keep  an  account  of  the  date,  and 
have  the  power  of  condemning  it  if  unsafely  constructed,  as  also  the 


On  Fastening  Ttailtvaij  VHiecl  Tires, 


323 


power  to  f:ro  and  oxamino  it  Avlicnovcr  ho  thou^ilit  proper,  niid  of  con- 
Jeinniiig  it  wlicn  it  was  worn  or  liad  become  d:in;;crous  to  puMic  safe- 
ty: the  users  of  steam  boilers  mi<^ht  in  time  be  taui^lit  that  it  was 
[entirely  to  their  own  interest  to  have  ;i  boiU>r  of  the  best  material  and 
the  best  construction,  such  boilers  bein«^  ultimately,  when  all  expeuses 
arc  considered,  invariably  the  least  expensive. 

-,  Surroy-eijuiux',  S.  E.,  Jiuic  20,  IbGO. 


Fastening  Bailway  Wheel  Tires.'*'     By  J.  C.  Pearce. 

The  consequences  resulting  from  the  ordinary  defective  method  of 
fastening  the  tires  of  railway  wheels  having  again  recently  drawn 
some  attention  to  the  subject,  induces  me  to  oflfer  to  your  notice  a  new 
plan,  patented  some  two  years  ago  by  Mr.  E.  Turner,  of  the  Bowling 
Iron  Company,  in  conjunction  with  m3'self,  which,  thougli  but  compa- 
ratively little  known,  is  un(juestiona])ly  the  most  perfect  fastener 
in  use.  It  presents  no  difficulties  to  be  overcome  in  the  formation  of 
the  tire  and  wheel-rim,  neither  is  its  application  confined  to  any  par- 
ticular section  of  tire,  &c. ;  but,  on  the  contrary,  its  simplicity  ren- 
ders it  easily  applied  to  all. 

A  dovetailed  groove  is  formed  around  the  inner  surface  of  the  tire, 
corresponding  with  a  similar  groove  formed  around  the  wheel-rim,  as 
shown  in  the  accompanying  illustrations.  The  tire,  after  being  shrunk 
on  the  wheel  in  the  usual  way,  is  turned  and  finished  so  as  to  allow 
ample  opportunity  for  the  detection  of  bad  welding  or  other  imperfec- 


tion. The  wheel  is  then  placed  in  an  horizontal  position,  and  the 
double  dovetailed  ring  is  cast  into  the  grooves  through  holes,  similar 
to  rivet  holes,  in  the  wheel-rim.  The  ring  thus  formed  constitutes  a 
continuous  rivet  all  round  the  wheel,  holding  both  rim  and  tire  firmly 
together,  and  rendering  it  impossible  for  the  latter  to  get  out  of  posi- 
tion in  the  event  of  fracture. 

The  plan  here  described  is  applied  to  engine  and  carriage  wheels, 
and  lias  been  in  successful  operation  more  than  two  years.  A^arious 
interests  and  prejudices  will  doubtless  delay  its  general  adoption,  but 
it  is  gradually  working  its  way  into  favor. 

There  should  be  no  excuse  to  shield  railway  companies  from  the  re- 
sponsibility of  accidents  arising  from  the  fracture  of  wheel  tires  while 
they  possess  the  means  of  rendering  such  accidents  perfectly  harm- 
less, if  not  impossible. 

July  16, 1S60. 

*  From  the  Lond.  Mechanics'  Mag.,  July,  1860. 
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Determination  of  Organic  flatter  in  Water. 

^I.  Emilc  Monnicr  presented  to  the  Academy  of  Sciences  of  Paris, 
an  interesting  note  on  the  determination  of  the  organic  matters  in  the 
waters  of  the  Seine.  Tiie  re-agent  wliich  he  employs  is  the  per-man- 
ganate  of  potassa.  The  -weight  of  this  salt  decomposed  being  sensibly 
proportional  to  that  of  the  organic  matter,  the  problem  is  reduced  to 
the  determination  of  the  weight  of  per-manganatc  decolored  by  a  given 
quantity  of  the  water. 

The  test-liquor  which  be  employs  is  prepared  by  dissolving  one 
gramme  of  pure  per-manganatc  in  one  litre  of  distilled  water ;  each 
cubic  centimetre  of  this  liquid  contains  one  milligramme  of  the  salt. 
To  perform  an  analysis  proceed  as  follows  : 

Pour  into  a  matrass  a  half-litre  (about  a  pint)  of  the  water  and  bring 
it  to  the  temperature  of  158°  E.;  add  through  a  pipette  1  cubic  centi- 
metre of  pure  sulphuric  acid ;  then  add  the  test-liquor  until  a  perma- 
nent coloration  is  produced;  the  number  of  cubic  centimetres  of  this 
liquor  added,  gives  at  once  in  milligrammes  the  weight  of  the  re-agent 
decomposed  by  one  litre  of  water.  At  about  158°  F.  the  decomposi- 
tion of  the  organic  matters  is  rapid  ;  at  common  temperatures  it  would 
require  more  than  24  hours  to  be  complete. 

The  sensibility  of  the  per-manganate  is  very  great ;  one  gramme  of 
tannin  in  2  cubic  metres  (or  one  part  of  tannin  to  two  million  parts  of 
water)  and  even  one  part  by  weight  of  sulphuretted  hydrogen  in  eleven 
million  parts  of  water  will  discolor  it. — Cosmos. 


On  a  Self-acting  Disengaging  HooJc,* 

The  frequency  and  fatal  consequences  of  accidents  arising  from  over 
winding  or  drawing  the  cage  over  the  head  gear  pulley,  have  called 
the  attention  of  colliery  owners  and  inspectors  to  the  means  whereby 

such  accidents  may  be  avoided  in 
future.  The  annexed  engraving  re- 
presents a  self-acting  spring  hook, 
the  invention  of  Mr.  Robert  Walker, 
of  Eccleston,  near  Prescot,  colliery 
viewer.  This  hook  possesses  all  the 
qualities  requisite  to  insure  its  ge- 
neral application  in  coal  and  other 
mines.  When  this  hook  is  employed, 
it  is  impossible  to  wind  the  cage  up 
sufficiently  high  to  cause  an  accident. 
The  mode  of  action  is  as  follows  : — 
When  the  cage  is  rising,  the  bridle, 
A,  hangs  in  the  hook,  B,  which  is 
made  with  a  spring  catch,  c.  This 
catch  closes  the  hook  entirely,  so 
that  there  is  no  possibility  of  the 
cage  becoming  disengaged  in  winding ;  but  if,  owing  to  the  neglect  of 

*  From  the  Lond.  Practical  Mechanic's  Journal,  August,  1860. 
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the  CTifrinc  driver,  or  from  any  other  cause,  the  ca^i^e  Rljouhl  he  raised 
until  the  hook  comes  airaiust  tlic  liead  pi;ear  pulley,  i),  a.s  Hho^vll  hy 
the  dotted  lines,  then  the  hook  assumes  ii  dia^^onal  position,  and  the 
bridle,  A,  bearing  upon  the  spring  catch,  C,  causes  it  to  open  and  to 
disengage  the  cage  from  the  hook.  ^Vhen  the  cage  is  disengaged  it 
is  caught  by  retaining  pawls  or  other  apparatus,  to  prevent  it  de- 
scending the  pit. 


For  tlio  Jonnml  of  tlif  Fiankliti  TnHtitufc. 

Binocular  Vision,  Theory  of  Images  on  Transparent  3fedia,  ayid  the 
Stereomonoscopc.    By  C.  J.  W.,  Jr. 

The  laws  of  o]Uics  and  of  binocular  vision  are  so  well  understood  and 
have  been  so  thoroughly  investigated  that  any  detailed  recapitulation 
of  them  in  this  place  would  be  supererogatory.  It  will,  therefore,  be 
necessary  merely  to  allude  to  such  as  may  have  a  direct  bearing  upon 
the  subjects  treated  of  in  this  article. 

In  viewing  a  landscape  which  possesses  the  advantage  of  a  variety 
of  planes  of  distance,  first  with  both  e^^es  simultaneously,  and  then 
with  the  right  and  left  eye  alternately,  we  shall  perceive  that  in  all 
these  three  instances,  near  and  distant  objects  occupy  different  rela- 
tive positions  with  regard  to  each  other. 

In  the  latter  case,  where  the  view  is  with  either  eye  alternately, 
near  objects  will  appear  to  have  moved  with  regard  to  more  distant 
ones,  to  the  right  when  the  right  eye  is  closed  and  to  the  left  when  the 
left  eye  is  closed. 

Of  course  the  reverse  is  the  case  w^ien  distant  objects  are  viewed 
with  regard  to  near  ones.     The  amount  of                    Fig.  i. 
apparent  motion  will  be  in  proportion  to  the    5 ^ *^^       T> 


relative  direct  distances  of  the  observer  from  ^          \      1'  ,/         / 

the  objects  viewed  and  of  the  objects  from  "^         \    1    /         / 

each  other.    In  case,  however,  of  vision  with  ^        \l/       / 

the  eyes  simultaneously,  when  the  optic  axes  v       ^^''2/    '^ 

are  directed  to  any  point  it  will  not  appear  \   J\{    / 

in  either  of  the  positions  to  which  it  has  \/  I  y 

been  referred  by  the  eyes  separately,  but  /  ^i;/'  \ 

will  assume  an  intermediate  one.  /  /  1  \  \ 

If  ee  (Fig.  1)  represent  the  eyes,  it  will  /  /'    |    \\ 

be  seen  that  by  closing  them  alternately,  //'       !      \\ 

the  near  point  p  will  have  an  apparent  motion  ^V          I          V^ 


h  ¥  when  referred  to  that  line ;  while  the 
more  distant  point  ^9'  will  only  have  an  apparent  motion  a  a'  when  re- 
ferred to  the  same  line  ;  whereas  if  both  eyes  be  turned  to  the  points 
p^p'  respectively,  they  will  occupy  an  intermediate  position  between 
these  two  extremes. 

"When  the  optic  axes  are  converged  upon  distant  points,  indistinct 
duplicate  images  of  nearer  points  will  be  visible,  separated  in  propor- 
tion to  their  proximity  to  the  observer,  and  occupying  the  positions  to 
the  right  and  to  the  left  respectively  which  they  occupied  when  viewed 
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•\vitli  cither  eye  alternately,  and  vice  versa,  wlien  tlic  optic  axes  are 
directed  to  near  j)()ints,  distant  ones  are  then  duplicated  and  occupy 
the  ])Ositions  in  ^Yhich  tliey  were  seen  when  viewed  with  the  eyes  suc- 
cessively. If  the  head  is  held  out  of  the  perpendicular  80  that  a  line 
joining  the  eyes  shall  not  he  a  horizontal  line,  and  tlie  eyes  fixed  upon 
a  distant  point,  the  two  images  of  a  near  point  received  by  thera  will 
likewise  be  une(|ually  elevated;  that  image  being  most  depressed  which 
is  seen  by  the  eye  that  is  most  elevated,  and  vice  versa,  that  image 
most  elevated  which  is  seen  by  the  eye  that  is  most  depressed. 

All  these  phenomena  are  in  perfect  harmony  with  the  law  of  visible 
direction,  the  integrity  of  which  is  preserved  throughout.  In  the  cases 
last  alluded  to,  the  elevated  eye  receiving  the  image  by  virtue  of  an 
ascending  ray,  and  in  obedience  to  this  law,  seeing  it  in  a  direction 
perpendicular  to  a  plane  tangent  to  the  retina  at  the  point  of  contact 
of  this  incident  ray,  receives  the  impression  of  a  less  elevated  object. 
The  other  eye,  however,  perceiving  the  image  by  a  ray  less  inclined, 
receives  the  impression  of  a  more  elevated  object.  The  rays  in  both 
instances  issuing  from  the  same  object,  though  entering  the  eyes  with 
different  degrees  of  inclination. 

If  w^e  now,  with  a  binocular  camera  properly  constructed,  having 
its  lenses  equally  separated  with  the  eyes  of  the  observer,  take  photo- 
graphic pictures  of  the  objects  before  us  and  look  at  them  with  the 
assistance  of  the  stereoscope,  we  shall  be  able  to  repeat  all  the  experi- 
ments above  suggested  with  the  same  results  as  when  we  were  viewing 
the  natural  objects  whose  fac  similes  we  are  now  in  possession  of. 

These  two  dissimilar  perspectives,  taken  at  points  two  and  a  half 
inches  distant,  faithfully  represent  the  right  and  left  hand  monocular 
views,  and  by  alternately  closing  the  right  and  left  eye,  near  and  distant 
objects  will  undergo  changes  in  their  relative  position,  precisely  as  they 
were  seen  to  do  in  our  natural  vision  of  the  landscape. 

It  is  to  the  coincidence  of  these  two  dissimilar  perspectives,  eifected 
by  different  degrees  of  convergency  of  the  optic  axes,  that  the  stereo- 
scopic illusion  of  solidity  and  relief  is  to  be  ascribed. 

Allied  to  this  in  result,  though  effected  through  various  ocular  pro- 
cesses, are  many  other  phenomena  of  vision,  classified  under  the  gene- 
ral title  of  optical  illusions.  Among  the  most  noticeable  of  these  is 
the  relief  produced  by  the  copying  of  medals  and  other  raised  surfaces 
by  the  ruling  machine. 

This,  like  the  one  under  discussion,  is  but  another  form  of  the  pro- 
jection of  solids  upon  flat  surfaces,  the  elevations  and  depressions  of 
the  medal  corresponding  with  the  different  planes  of  distance  of  the 
stereoscopic  object ;  and  the  effect  of  the  deviation  of  parallel  lines 
from  their  original  parallelism  in  coming  in  contact  with  planes  placed 
at  all  varieties  of  angles  and  of  unequal  elevations,  in  the  one  case, 
corresponding  with  the  effect  of  the  combination  of  dissimilar  perspec- 
tives in  the  other. 

This  illusion  of  relief  might  also  be  in  a  measure  produced,  or  at 
least  enhanced,  by  calling  into  requisition  the  power  of  focal  adjust- 
ment of  the  eye  in  connexion  with  the  different  degrees  of  refrangi- 
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])ility  of  the  prismatic  colors.  Jly  givint;  objects  intended  to  appear 
in  relief  tliat  color  whose  ray  is  least  refran«;il)le,  and  tliose  intended 
to  recede  from  the  eye,  tliat  C(dor  "vvhose  ray  is  most  r('fran;^iljle,  wc 
should  invest  them  with  at  least  one  attribute  of  j)roxiniity  and  dis- 
tance. In  the  former  case  the  less  refrangible  ray  wouhl  correspond 
in  focal  adjustment  with  the  diver<:in;]:  rays  of  near  o])jects,  Avhile  in 
the  latter  case  the  more  refran^ilde  rays  would  correspond  iu  fociui 
with  ])arallel  rays  of  distant  objects. 

Q"'o  tiiis  diflerent  dejzree  of  refran<i;ibility  of  the  jirismatic  rays  may 
be  ascribed  the  peculiarly  un})leasant  dazzlin;];  eflect  experienced  iu 
passing  the  eyes  rapidly  over  certain  combinations  of  colors.  If  the  ex- 
tremes of  the  solar  spectrum  representing  the  maximum  and  niinimum 
of  rcfrangll>ility  be  rapidly  and  consecutively  presented  to  the  eyes, 
each  requiring  a  dift'erent  focal  adjustment  to  jjroduce  distinct  vision,  it 
can  easily  be  conceived  that  the  effect  would  be  dazzling  and  confused. 

Ill  these  latter  instances  the  illusion  would  evidently  be  much  more 
]ierfect  if  one  eye  alone  were  used  ;  convergency  now  coming  to  our 
aid  as  a  most  powerful  adjunct  in  dispelling  an  illusion,  which,  in  the 
first  case  cited, — that  of  the  stereoscope — it  was  exclusively  instru- 
mental in  producing. 

All  these  cases  afford  striking  instances  of  the  liability  to  error  in- 
curred by  implicit  reliance  upon  the  evidence  of  any  one  witness,  how- 
ever perfect  in  itself;  truth  is  only  to  be  established  by  the  concurrent 
testimony  of  all  those  with  which  nature  has  provided  us  for  protection 
from  deception  and  imposture,  and  for  our  better  acquaintance  with  the 
works  with  which  she  has  surrounded  us. 

AVe  will  now  lay  aside  the  photographic  representations  of  the  land- 
scape, and  with  the  aid  of  the  stereoscope  examine  the  images  them- 
selves as  the}^  appear  depicted  upon  the  ground  glass  of  our  binocular 
camera.  In  so  doing  a  most  unexpected  and  illusive  effect  will  be  pro- 
duced. 

All  our  previous  knowledge  of  the  distances  of  the  various  objects 
in  view,  is  now"  completely  at  variance  with  the  confused  and  illusive 
evidence  of  our  senses. 

We  know,  for  example,  that  the  sky  is  far  more  distant  than  the 
trees,  and  yet  are  small  blue  patches  of  it  boldly  protruding  through 
apertures  of  the  foliage  and  advancing  into  the  foreground,  while  trees 
and  their  branches,  known  to  be  almost  within  our  grasp,  are  modestly 
retiring  and  hiding  themselves  behind  the  distant  skies.  In  fact,  some 
potent  spell  appears  suddenly  to  have  inverted  the  entire  order  of 
things.  Trunks  of  prominent  trees  seem  to  be  sinking  into,  and  al- 
most enveloped  by  foliage  that  is  behind  them.  Shadowy  visions  of 
leaves  yielding  to  the  breeze  appear  to  pass  behind  the  branches  which 
they  are  actually  placed  in  advance  of,  and  which  appear  to  have  be- 
come magically  endowed  with  transparency  for  the  accommodation  of 
the  observer.  In  a  word,  the  illusion  is  complete.  All  distant  objects 
appear  at  hand,  and  all  near  objects  far,  in  proportion  to  their  prox- 
imitv. 

If  Sir  David  Brewster's  theory  of  the  stereoscope  required  another 
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proof  of  its  correctness,  it  would  l)e  found  in  this  simple  and  interest- 
ing ex|)erimcnt ;  and  it  is  a  little  sin;^ular  that  lie  makes  no  allusion 
to  it  in  his  work  on  that  suhject.  In  the  case  hefore  us  we  find  nearly 
all  the  elements  essential  to  the  formation  of  correct  estimates  of  dis- 
tance, such  as  magnitude,  definition,  ])erspective,  &c.,  arrayed  in  di- 
rect antagonism  to  one  solitary  test,  which  is  left  to  rehut  their  testi- 
mony single-handed  and  alone.  It  is  that  most  essential  element  of 
A'ision,  convergency,  and  although  but  one  against  many,  it  proves  too 
strong  for  them  all.  For  it  is  only  by  previous  knowledge  of  the  po- 
sition of  the  objects  of  tlie  landscape,  or  through  some  other  nujans  of 
information  than  the  present  modified  form  of  vision  afibrds,  that  we 
are  enabled  to  dispel  the  illusion  under  which  we  labor,  and  be  reas- 
sured of  the  actual  order  of  nature. 

A  key  to  the  mystery,  however,  is  at  hand.  It  will  be  found  by 
analyzing  the  dissimilar  perspectives  projected  upon  the  ground  glass, 
that  our  lenses  in  inverting  each  picture  separately  have  also  inverted 
or  rather  reversed  the  relative  horizontal  separation  of  similar  points 
of  the  various  planes  of  distance  upon  which  the  stereoscopic  effect 
depends. 

Similar  points  of  near  planes  will  now  be  found  to  be  more  distantly 

separated  than  similar  points  of  distant  planes.    Whereas,  in  the  erect 

Fig.  2.  pictures  drawn  from  nature  the 

reverse  is  the  case,  similar  points 
of  near  planes  being  nearer  than 
those  of  distant  planes. 

Suppose  a  h  and  a'  h'  (Fig.  2) 
to  represent  dissimilar  perspec- 
tives of  an  object  as  seen  by  ordi- 
nary vision  with  the  right  and  left 
eye  alternately — a  a'  represent  similar  points  of  near  planes,  while  hh' 
represent  similar  points  of  distant  planes;  hh'  being  more  distant  from 
each  other  than  a  a'.  Now  suppose  these  two  perspectives  to  be  sepa- 
rately inverted  as  they  are  by  the  lenses  of  a  binocular  camera;  their 
p-    3  position  will  then  be  as  in  Fig.  3. 

It  will  there  be  seen  that  the  lines 
5,  h',  which  were  in  the  first  case 
more  distant  than  a,  a',  now  more 
nearly  approach  each  other.  Con- 
sequently upon  application  of  the 
stereoscope  to  the  first  pair  of  dis- 
similar perspectives,  points  of  near 
planes  will  be  converged  near  to 
the  eyes,  and  points  of  distant  planes  more  distantly,  following  the 
course  of  natural  vision,  in  which  near  points  require  a  greater  degree 
of  convergency  than  distant  ones. 

With  the  latter  pictures,  however,  the  reverse  is  the  case.  For 
similar  points  of  near  planes  being  more  separated  will  be  converged 
at  a  greater  distance  than  similar  points  of  distant  planes.  Thus  re- 
versing the  order  of  nature  and  producing  that  confusion  and  inver- 
sion of  distances  already  described. 
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Those  perspectives  reversed  as  tliey  now  ap[>ear  on  tlic  ground  glass 
of  tlie  canu'ra,  are  in  a  proper  position  to  produce  u  correct  impression 
conil)ined  ocularly  without  the  intervention  of  the  stereoscope,  provided 
the  image  is  formed  hefore  and  not  heyond  the  ground  glass;  for  in  that 
case  the  greater  the  separation  of  corresponding  points  of  perspective, 
the  more  nearly  to  the  ohservcr  will  the  jioints  of  their  coincidence  he 
approached.  The  image  that  results  from  this  comhination  will  be 
diminished  in  size  in  proportion  as  it  approaches  the  eye.  Our  esti- 
mate of  its  dimensions  being  formed  by  the  conviction  that  convergcn- 
cy  affords  of  its  increased  proximity,  together  with  the  impression  on 
the  retina,  which  shows  that  it  snlttends  the  same  visual  angle,  the 
deduction  is,  that  what  is  nearer,  and  yet  subtends  no  greater  angle, 
must  be  smaller.  In  viewing  these  pictures  with  the  stereoscope  the 
effect  is  quite  different,  for  then  convergency  is  effected  at  almost  the 
same  distance  from  the  eye  of  the  observer  as  the  pictures  themselves 
are  placed;  there  is  nothing,  therefore,  to  indicate  diminished  distance, 
and  consequently  no  impression  of  decreased  dimensions  in  the  result- 
ant imajie. 

It  is  owing  to  this  inversion  of  perspectives  that  we  are  obliged  to 
divide  the  stereoscopic  photographs  taken  by  a  binocular  camera,  and 
reverse  their  position,  in  order  to  produce  a  proper  effect  when  placed 
in  the  stereoscope,  and  not  as  has  been  stated,  because  we  have  re- 
versed the  pictures  in  placing  the  undivided  images  erect.  This  cer- 
tainly puts  the  right  hand  picture  on  the  left  hand  side,  but  in  no  de- 
gree disturbs  the  relative  distances  of  similar  points,  upon  which  the 
result  wholly  depends. 

It  is  an  easy  problem  to  place  the  images  in  an  erect  position  in  the 
camera,  by  first  receiving  them  upon  a  mirror  and  reflecting  them  thence 
upon  the  ground  glass.  But  this  process,  although  it  places  the  images 
erect,  or  rather  enables  us  to  view  them  ourselves  in  an  inverted  i)0- 
sition,  effects  no  change  in  the  perspectives,  and  consequently  upon  ap- 
plication of  the  stereoscope  the  illusion  of  distances  remains  unchanged. 

If,  however,  we  wish  to  witness  the  effect  of  reversing  the  perspec- 
tives in  reality  at  the  same  time  that  we  place  the  images  in  their  na- 
tural erect  position,  we  have  only  to  place  behind  each  of  the  object 
glasses  of  our  camera  another  lens  at  a  distance  greater  than  the  sum 
of  the  principal  foci  of  both,  {i.e.  the  object  and  the  auxiliary  lens,) 
and  permit  the  landscape  to  be  refracted  by  both  of  these  lenses  upon 
the  ground  glass.  This  arrangement  will,  of  course,  have  the  effect 
of  separately  reinverting  the  images,  and  will  place  them  in  their  na- 
tural position  upon  the  ground  glass,  their  perspectives  perfect,  and 
upon  application  of  the  stereoscope  we  shall  perceive  a  living  picture 
of  the  landscape  before  us. 

We  now  come  to  the  beautiful  and  ingenious  discovery  of  Mr.  Clau- 
det. 

The  WTiter  in  adjusting  the  focus  of  objects  on  the  ground  glass  of 
the  camera  obscura,  had  often  been  struck  with  the  impossibility  of  ob- 
taining a  satisfactory  view  of  the  image  except  from  certain  angles  of 
observation,  and  was,  therefore,  particularly  pleased  with  Mr.  Claudet's 
investigations  in  elucidation  of  the  mystery. 

28« 
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ISfr.  Claudct's  discovery  was  announced  to  the  Royal  Society  in  June, 
IS/")?,  and  a  notice  of  it  sul)S('((U('ntly,  July,  1858,  copied  into  this 
Journal.  The  author  says,  "  that  huvinf^  observed  that  the  image  on 
the  ground  glass  of  tlie  camera  ohscura  appeared  as  much  in  relief  as 
the  natural  objects  themselves  ■when  seen  with  two  eyes ;  that  his  ex- 
periments and  researches  as  to  the  cause,  have  disclosed  the  singular 
iact  tliiit  thougli  only  one  image  seems  depicted  thereon,  two  really  ex- 
ist, one  visible  only  to  the  right  eye  and  the  other  only  to  the  left.  That 
the  image  seen  by  the  former  is  refracted  by  the  left  side  of  the  lens, 
and  tliat  seen  by  the  latter  by  the  right  side  of  the  lens.  Conse(iuently 
that  these  two  images  presenting  two  different  perspectives,  the  result 
is  tlie  same  as  when  two  diflierent  perspectives  are  viewed  with  the  ste- 
reoscope. That  all  the  different  images  refracted  by  every  part  of  the 
lens  are  each  only  visible  on  the  line  of  their  refraction  when  it  cor- 
responds with  the  optic  axes." 

Mr.  Claudet  further  remarks  that  if  the  image  be  received  upon 
transparent  paper  instead  of  ground  glass,  the  illusion  of  relief  is 
not  ill  the  least  presented,  that  all  the  images  refracted  from  all  parts 
of  the  lens  coincide  upon  the  paper  and  are  visible  at  whatever  angle 
they  are  examined.  The  reason  of  this  diiierence  being  that  the  rays 
refracted  by  the  lens  continue  their  course  in  straight  lines  through 
the  transparent  molecules  of  the  ground  glass,  and  are  seen  only  when 
they  coincide  with  the  optic  axes ;  while  the  paper  being  perfectly 
opaque  stops  all  the  rays,  and  becoming  itself  luminous  sends  new  rays 
ill  all  directions. 

In  elucidation  of  this  new  principle  of  ground  glass  images,  Mr. 
Claudet  proposes  a  number  of  experiments  made  with  diff"erent  colored 
glasses  placed  before  marginal  openings  of  the  lens,  &c.;  and  having 
convinced  himself  of  its  correctness,  suggests  the  possibility  of  a  ste- 
reoscope being  constructed  upon  this  new  principle,  in  which  the  eyes 
looking  upon  a  single  image  could  see  it  in  perfect  relief.  This  single 
image  being  composed  of  tw^o  images  superposed,  one  visible  only  to 
the  right  eye  and  the  other  only  to  the  left. 

In  a  subsequent  paper  read  before  the  Royal  Society  in  April,  1858, 
Mr.  Claudet  states,  *'  that  he  had  succeeded  in  constructing  a  stereo- 
scope upon  this  new  principle,  to  which  he  had  given  the  name  of  ste- 
reomonoscope,  in  allusion  to  its  power  of  producing  the  stereoscopic 
effect  with  apparently  but  one  image." 

In  pursuance  of  this  interesting  subject,  the  writer  has  repeated  the 
experiments  suggested  by  Mr.  Claudet,  some  with  perfect,  all  with  par- 
tial success. 

It  is  not  strictly  true  that,  "  when  looking  at  the  image  on  the  ground 
glass  of  a  camera  obscura,  the  right  eye  sees  only  that  refracted  by 
the  left  side  of  the  lens,  and  the  left  eye  only  that  refracted  by  the 
right  side;"  for  when  the  entire  lens  is  exposed,  the  rays  passing 
through  its  centre  are  so  slightly  converged  that  each  eye  receives  a 
portion  from  both  sides  of  it.  The  perspectives  are  thus  mingled  and 
the  stereoscopic  effect  greatly  impaired. 

"This  is  particularly  observable  when  the  rays  entering  the  right  and 
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loft  sides  of  tlie  lens  are  passed  throiifjl)  difTerent  eolored  glasses.  A 
minirliii;]^  of  colors  in  the  centre  will  be  perceptible  to  either  eye  to 
nearly  the  same  extent  as  wlien  both  are  used  siinultancoMsly. 

In  conducting  these  experiments,  therefore,  it  is  (lesiral)h'  to  exclude 
the  central  rays.  This  is  most  eflcctually  accomplished  l)y  covering 
the  entire  face  of  the  lens,  and  then  niakinir  marginal  apei'turcs  at  the 
extremities  of  its  transverse  axis.  If  the  lens  used  has  a  diameter  of 
four  or  five  inches  with  mar^linal  apertures  of  not  more  than  one  or 
one  and  a  half  inches,  into  which  are  introduced  tubes  about  six  inches 
Ion"!,  so  as  to  exclude  all  ravs  which  will  not  reach  the  ground  rr\ass 
but  may  fall  upon  other  parts  of  the  camera — it  will  then  be  in  a  con- 
dition to  produce  the  most  striking  effect. 

The  contraction  of  the  marginal  apertures  not  only  enhances  the 
effect  by  the  exclusion  of  unnecessary  light,  but  likewise  dinnnishes 
spherical  aberration  by  reducing  the  surface  of  the  lens  exposed,  and 
proportionally  improves  the  definition  of  the  image;  while  the  inequality 
of  focal  distance  of  differently  distant  ol)jects  and  conse([uent  varying 
convergency  of  the  refracted  rays  remains  unimpaired.  The  diver- 
gency of  rays  incident  upon  the  lens  being  by  this  arrangement  at  a 
maximum. 

The  result  is  quite  different  when  rays  arc  admitted  through  an  equal 
aperture  in  the  centre  of  the  lens  ;  for  then  all  rays  from  near  as  well 
as  distant  points  enter  it  with  nearly  the  same  degree  of  parallelism, 
and  are  consequently  refracted  to  points  at  nearly  the  same  distance 
behind  the  lens,  and  with  nearly  the  same  dcirree  of  converorencv. 

If,  with  the  camera  arranged  as  above  described,  a  piece  of  blue 
glass  be  placed  before  the  right  hand  aperture  of  the  lens,  and  a  piece 
of  yellow  glass  before  the  left,  the  eyes  placed  equally  distant  from 
the  centre  of  the  ground  glass,  will  perceive  thereon  a  union  or  min- 
gling of  both  these  colors.  When  viewed,  however,  with  the  riglit  and 
left  eye  alternately  within  a  certain  radius,  the  yellow  ray  will  alone 
be  perceptible  to  the  right  eye  and  the  blue  ray  only  to  the  left. 

If  the  colored  glasses  be  now  removed  and  the  camera  turned  to  the 
landscape,  an  effect  of  relief  almost  magical  will  be  presented.  Sup- 
posing the  camera  to  be  adjusted  to  the  focus  of  the  nearest  visible 
objects ;  then,  by  fixins^  the  eyes  steadily  upon  their  imaircs  and  orra- 
dually  moving  the  ground  glass  in  towards  the  lens  until  middle  and 
greater  distances  become  distinctly  delineated,  these  images  of  near 
objects  upon  which  the  eyes  are  fixed,  instead  of  receding  with  the 
ground  glass,  will  remain  in  their  original  places,  i.e.  at  their  respec- 
tive points  of  convergency,  until  they  appear  to  stand  out  several  inches 
in  advance  of  the  rest  of  the  picture ;  while  images  of  more  distant 
objects  not  perfectly  in  focus  on  the  ground  glass  will  appear  to  be 
placed  equally  distant  behind  it.  Upon  observing  one  of  these  boldly 
advanced  images  with  both  eyes  placed  directly  opposite  to  it,  and  then 
by  alternately  closing  them,  it  will  be  seen  that  this  image  has  a  lateral 
motion  with  regard  to  other  objects  depicted  on  the  ground  glass,  just 
as  was  observed  in  viewing  the  objects  themselves  by  ordinary  vision 
or  their  photographic  representatives  with  the  stereoscope.    If  the  left 
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eye  be  closed  and  tlic  licad  moved  slowly  in  that  direction,  a  faint  du- 
plicate iniiifre  -will  becoino  visible  to  the  ri<^ht  of  the  one  in  (jueHtion, 
growin;:;  gradually  brighter  :is  the  motion  is  continued,  the  })lace  of 
which  the  original  image  immediately  assumes  Avhen  the  right  eye  is 
closed  and  the  left  opened,  but  one  image  again  being  visible. 

AVith  the  right  eye  closed  and  the  head  moved  to  the  right,  a  left 
hand  duplicate  image  becomes  visible,  the  place  of  Avhich  the  right 
hand  one  assumes  upon  again  reversing  the  eyes. 

In  both  these  cases,  the  distinct  image  is  seen  by  virtue  of  rays  ad- 
mitted through  the  opposite  aperture  to  the  eye  that  receives  them, 
and  with  the  axis  of  which  they  are  brought  to  coincide.  The  faint 
image  being  the  result  of  rays  passing  through  the  other  aperture,  not 
distinctly  seen  until  the  axis  of  this  eye  is  in  turn  brought  to  coincide 
with  them.  The  binocular  image  in  front  of  the  ground  glass  is  seen 
at  the  point  of  convergency  to  which  these  two  images  are  approaching. 

These  striking  effects,  which  we  have  with  so  much  pleasure  ob- 
served, will  entirely  vanish  by  changing  the  marginal  apertures  of  our 
camera  from  a  horizontal  to  a  vertical  position.  13y  this  arrangement 
we  have  reduced  our  lens  to  an  equivalent  with  a  central  aperture  equal 
in  diameter  with  the  marginal  ones  ;  and  although  objects  are  seen  by 
rays  transmitted  through  precisely  the  same  apertures  as  before,  we 
have  exchanged  lateral  for  vertical  convergency,  and  this  latter  does 
not  avail  us  in  the  estimation  of  distances,  producing  no  corresponding 
convergency  of  the  optic  axes. 

If,  with  the  apertures  restored  to  their  original  horizontal  position, 
transparent  paper  be  substituted  for  ground  glass  for  the  reception  of 
the  image,  the  effect  will  be  modified  inversely  to  the  degree  of  trans- 
parency to  which  the  paper  is  reduced,  but  not,  as  Mr.  Claudet  asserts, 
entirely  destroyed. 

The  mingling  of  perspectives  will  be  much  more  conspicuous,  eacb 
having  a  greatly  increased  range  of  visibility,  so  that  much  greater 
deviation  from  the  line  of  refraction  is  requisite  to  render  the  images 
of  either  aperture  invisible.  For  the  same  reason,  the  paper  presenting 
so  much  greater  obstruction  to  the  transmission  of  the  rays  of  light — 
no  image  is  visible  at  the  point  of  convergency  of  these  rays  if  at  all 
distant  from  its  surface.     No  other  principle  appears  to  exist  in  trans- 
parent paper  effecting  this  result — as  Mr.  Claudet  insinuates  when  he 
says  that  ''paper  (i.e.  transparent  paper)  being  perfectly  opaque  stops 
all  rays  on  their  passage,  by  wdiich  the  image  remains  fixed  on  its  sur- 
face"— except  the  degree  of  its  transparency.  Transparency  being  that 
property  of  a  medium  which  presents  no  obstruction  to  the  rays  of 
light,  and  which  permits  rays  refracted  on  its  surface  to  be  seen  only 
in  the  direct  line  of  their  refraction,  producing  no  illumination  of  the 
surface  at  the  point  of  contact  visible  in  other  directions ;  partial  trans- 
parency, however,  admits  of  partial  transmission  of  the  rays  of  light, 
rendering  objects  refracted  upon  a  medium  possessing  it  visible  not 
only  in  the  direct  line  of  refraction  but  in  other  directions,  in  inverse 
ratio  to  the  degree  of  its  transparency,  the  surface  becoming  luminous 
at  the  point  of  contact  of  the  incident  ray. 
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To  tills  latter  class  belong  ground  glass,  transparent  paper,  so  call- 
ed, i*tc. 

In  confirmation  of  tlie  similarity  of  these  two  media  with  re^rJ^rd  to 
the  transmission  of  li'xht,  notwithstanding  Mr.  Claudet's  assertions  to 
tlie  contrary,  the  writer  has  observed  that  when  a  double  thickness  of 
ground  glass  or  a  piece  coarsely  ground  is  used,  the  effects  peculiar  to 
transparent  nicdia  are  impaired  to  almost  the  same  extent  as  wlien  pre- 
pared paper  is  substituted.  On  the  contrary,  when  prepared  paper  is 
used  as  a  medium,  all  these  efieets  will  be  preservetl  in  {)roportion  to 
the  degree  of  its  transparency.  This  should  evidently  not  be  the  case 
if  "ground  glass  were  perfectly  transparent,"  or  if  "  paper  were  wholly 
opacjue." 

All  these  experiments  tend  to  establish  the  possibility  of  rays  of  light 
rendering  themselves  visible  in  other  directions  than  the  line  of  refrac- 
tion when  received  upon  a  ground  glass;  and  if  further  proof  were 
required  it  would  be  found  in  the  improved  field  of  the  camera  when 
constructed  with  a  combination  of  lenses,  obtained  by  the  introduction 
of  a  second  irround  irlass  at  the  focus  of  the  anterior  lens.  This  con- 
clusively  proves  that  more  rays  now  reach  the  original  ground  glass 
in  formation  of  the  ultimate  image,  than  reached  it  before  the  intro- 
duction of  the  second  ground  glass,  and  consequently  that  tlie  imago 
of  the  anterior  lens  is  seen  through  the  instrumentality  of  this  second 
ground  glass  in  other  directions  than  the  direct  line  of  refraction  of  the 
rays  that  form  it. 

The  success  of  these  experiments,  therefore,  greatly  depends  upon 
the  degree  of  transparency  of  the  medium  used  for  the  reception  of 
the  image ;  and  after  procuring  the  finest  ground  glass  for  the  pur- 
pose, the  writer  has  found  the  best  eftect  produced  by  slightly  oiling 
its  ground  surface,  a  much  greater  degree  of  transparency  being  thus 
acquired.  Under  these  circumstances  the  mingling  of  perspectives  is 
at  a  minimum,  and  the  least  resistance  off'ered  to  the  projected  ray. 
Every  object  is  seen  at  its  proper  focal  point  instead  of  on  the  surface 
of  the  ground  glass,  the  rays  either  before  or  after  convergency  pass- 
ing through  it  unobstructed.  Those  objects  only  are  now  visible  on 
the  ground  glass  which  properly  belong  there,  together  with  the  most 
distant  objects  of  the  landscape,  whose  ray  is  too  feeble  to  make  its 
way  through  in  a  clearly  defined  image  visible  at  its  point  of  conver- 
gency. 

Mr.  Claudet  is  not  definite  as  to  the  manner  in  which  this  conver- 
gency is  produced ;  whether  mechanically  by  coincidence  of  similar 
points  of  dissimilar  perspectives,  as  in  the  stereoscope,  or  naturally  by 
consecutive  concentration  of  the  optic  axes  upon  the  various  points 
of  the  image.  In  the  case  under  consideration,  it  is  evidently  in  a 
degree  mechanical,  inasmuch  as  it  is  instituted  by  the  refractive  power 
of'the  lens  exercised  upon  the  rays  issuing  from  the  several  points  of 
the  object  and  crossing  at  their  focal  point,  eftecting  a  corresponding 
degree  of  convergency  of  the  optic  axes  when  coincident  with  them. 
The  imao:e  nevertheless  is  seen  as  in  natural  vision  without  the  inter- 
vention  of  further  mechanical  agency. 
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The  Avritcr  Laving  ])nsscMl  tliroiiirli  tlu'so  initiatory  steps,  lias  fur- 
ther benefited  l)y  the  sug;^esti()ns  ol'Mr.  Chiudet,  and  eonstructed  the  in- 
strument to  whicli  the  inventor  has  given  the  name  of  Stereomonoscope. 
This  instrument  mueh  resembles  both  in  construction  and  appear- 
ance an  elongated  camera  obsenra,  the  object  to  be  r('|)resented  on  the 
ground  glass  being  a  stereoscopic  ])late.  Tb(;  lens  of  the  camera  is 
divided  into  two  semi-lenses,  one  of  which  has  a  rotary  as  well  as 
lateral  motion,  in  order  that  the  images  of  the  plate  may  be  perfectly 
suj)erposed. 

When  properly  adjusted  the  resultant  image  on  the  ground  glass 
will  be  seen  in  perfect  stereoscopic  relief. 

The  success  of  this  instrument  is  entirely  dependent  upon  the  prin- 
ciples investigated  in  the  foregoing  article. 

JNIr.  Claudet  naturally  supposed  that  if  by  refraction  of  the  lens  of 
a  camera  obscura,  two  images  of  an  object  were  so  combined  upon  the 
ground  glass  as  to  produce  the  stereoscopic  illusion,  so  two  separate 
perspectives  of  an  object  might,  by  the  same  means,  be  combined  and 
result  in  producing  a  similar  effect. 

Experiment  verified  the  sagacity  of  the  inference. 
The  construction  and  operation  of  the  camera  used  in  the  foregoing 
experiments  as  well  as  of  the  instrument  now  under  consideration,  may 
be  better  understood  by  reference  to  the  figures  below. 

Let  n  m  d  (Fig.  4)  represent  near,  middle,  and  distant  points  of  a 

landscape,  and  suppose  rays  issuing  from  these 
three  points  to  pass  through  the  marginal 
apertures  a  a  of  the  lens  L  of  a  camera  obscura, 
the  remainder  of  the  lens  being  covered.  And 
let  the  ground  glass  G  be  so  adjusted  that  rays 
from  the  middle  distance  m  be  refracted  to  a 
focus  precisely  upon  its  surface.  It  is  evident 
that  the  more  divergent  rays  from  the  near 
point  n  will  be  more  distantly  converged  at  a 
point  n'  in  advance  of  the  ground  glass  G ; 
while  the  less  divergent  rays  from  the  dis- 
tant point  d  will  be  converged  at  a  point  d' 
behind  the  ground  glass  ;  that  these  rays, 
all  possessed  of  difi'erent  degrees  of  conver- 
gency,  will  pursue  their  course,  and  meeting 
the  eyes  at  e  e,  will  effect  a  corresponding  de- 
gree of  convergency  of  the  optic  axes  when 
coincident  with  them.  The  points  ii  m  d  will 
thus  be  represented  in  relief  at  n'  m'  d'  re- 
spectively. 

Now,  let  n  m  d,  n  m  d  (Fig.  5)  represent 
projections  of  dissimilar  perspectives  of  these 
same  points  upon  the  surface  of  the  stereo- 
scopic plate  P. 

Let  L  L  represent  semi-lenses  so  separated  that  rays  from  the  points 
of  middle  distance  m  m  shall  be  precisely  superposed  on  the  ground 
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«j;1:iss  (1  placed  at  the  focus  of  tlie  semi-lenses.  It  is  evident  that  rays 
IVom  the  j)()ints  ;/  ;?,  re) > resent  in fj  a  near  point  of  the  landsrape  and 
conseciuontly  more  nearly  apj)roaehed  in  the  perspectives,  \vill  full  upon 
the  lenses  LL  >vitli  a  greater  degree  of  divergency,  and  >vill,  conse- 
quently, he  converged  at  a  more  distant  point  n'  in  advance  of  tho 
ground  glass;  while  rays  from  t^  (/ representing  a  distant  ]>oint  of 
the  landscape  and  already  ])ossessed  of  a  degree  of  convergency  \>ill 
be  converged  at  a  near  point  d'  hehind  tho 
nrround  glass  ;  and  that  all  these  rays  pos- 
sessed of  diflerent  degrees  of  convergency 
W'ill,  as  in  the  previous  case,  hy  instituting 
%  corresponding  degree  of  convergency  of 
the  optic  axes,  be  seen  in  relief  at  the  points 
n'  in'  iV  respectively. 

It  may  be  objected  that  in  these  figures 
rays  issuing  from  the  distant  points  d  are 
ifter  refraction,  possessed  of  a  greater 
legree  of  convergency  than  those  issuing 
from  near  points  ??.  This,  however,  is  only 
m  imperfection  in  the  diagrams,  submitted 
lo  in  order  to  avoid  confusion  with  lines 
crossing  one  another.  It  is  evident  that  the 
rays  converged  at  d'  as  seen  in  the  figures 
30uld  never  reach  the  eyes  as  there  placed, 
md  that  rays  converged  at  that  point  could 
meet  them  only  wdien  transmitted  through 
1  more  central  part  of  the  lenses  ;  and  fur- 
ther, that  the  principle  upon  which  the  fig- 
ires  are  constructed  insures  by  the  eyes 
the  reception  of  no  rays  from  distant  points 
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possessed  of  a  greater  degree  of  convergency  than  those  received  by 

;hem  from  near  points. 

In  enumerating  the  advantages  of  the  stereomonoscope  over  the 
)rdinary  lenticular  stereoscope,  it  is  suggested  that  a  considerably  en- 
arged  image  may  be  thrown  upon  the  ground  glass,  and  that  this  may 
36  subsequently  still  further  increased  by  viewing  it  with  a  large  con- 
rex  lens. 

It  is  undoubtedly  true  that  the  stereoscopic  image  maybe  somewhat 
magnified  by  the  semi-lenses  by  which  it  is  formed,  but  certainly  not 
lyithout  limit. 

It  must  be  remembered  that  we  cannot  magnify  the  images  of  which 
t  is  composed  without  at  the  same  time  magnifying  their  differences 
)f  perspective,  and  this  by  increasing  the  distance  between  their  re- 
spective points  of  convergency,  renders  that  process  much  more  diffi- 
cult for  the  eyes  to  effect.  Yet  another  consequence  of  this  amplifi- 
cation would  be  to  create  an  appreciable  difference  between  the  point 
)f  superposition  of  any  two  similar  points  of  the  perspectives  and  the 
^ocal  point  of  the  rays  issuing  from  said  points,  thus  interfering  with 
the  distinctness  of  the  resultant  image.     Add  to  these  objections  the 
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(lifl'iision  of  lln;lit  entailed  l)y  tlie  process  and  its  consequent  enfeebled 
transmission  tlirough  the  ground  ^lass,  jind  it  will  readily  be  under- 
stood that  there  is  a  most  decided  barrier  to  this  species  of  improve- 
ment. 

AVitli  re<i;ard  to  subsecjuent  nia^nifyinf^  of  the  image  by  means  of 
convex  lenses,  a  didiculty  -vvill  also  be  found  ;  for  in  this  "vvay  we  like- 
wise exaggerate  the  coarseness  of  the  surface  upon  which  it  is  project- 
ed. It  must,  therefore,  be  admitted  that  no  very  great  advantages  are 
to  be  anticipated  from  amplification. 

Neither,  as  has  been  insinuated,  can  the  image  be  satisfactorily  seen 
from  a  variety  of  points  of  view,  for  in  passing  the  eyes  over  it  slowly 
it  will  be  observed  that  instantly  as  the  converging  ray  from  any  point 
is  lost  to  either  eye,  Avill  that  })oint  of  the  picture  lose  its  relief  and 
recede  to  the  surface  of  the  ground  glass. 

In  convenience  and  portability  likewise  does  this  instrument  in  no 
degree  approach  its  rival  the  stereoscope. 

The  ver}^  exigences  of  the  principle  to  be  developed  are  antagonistic 
to  the  exercise  of  any  great  degree  of  economy  of  space  in  its  construc- 
tion. 

That  made  by  the  writer  is  furnished  with  semi-lenses  seven  inches 
in  focal  length.  To  produce  an  image  equally  large  with  the  object, 
it  is  necessary  that  the  latter  be  placed  double  the  focal  length  in  front 
of  the  lenses;  the  image  will  then  be  formed  an  equal  distance  behind 
them.  We  have  thus  an  instrument  twenty-eight  inches  in  length, 
which  must  further  be  carefully  inclosed  so  as  to  exclude  all  light  not 
directly  instrumental  in  the  formation  of  the  image. 

We  therefore  see  that  in  point  of  convenience  or  in  perfection  of 
result,  the  stereomonoscope  possesses  no  advantages  over  the  lenticu- 
lar stereoscope,  and  is  not  likely  "  to  produce  a  revolution  in  the  ap- 
plication of  that  splendid  discovery  to  the  exhibition  of  photographic 
pictures." 

This,  however,  in  no  degree  detracts  from  the  credit  due  its  inven- 
tor, for  as  an  instrument  illustrative  of  a  new  principle  in  optics  and 
suggestive  of  solutions  to  many  hitherto  unrecorded,  if  not  entirely 
unobserved  phenomena,  it  is  worthy  of  all  admiration  and  its  inventor 
deserving  of  all  praise. 

Germantown,  October  7tb,  1860. 


The  Itcapijig  31achine  Jcnotvn  to  our  Celtic  Forefathers."^ 

Truly,  there  is  "nothing  new  under  the  sun."  A  correspondent  of 
the  Gloucester  Chronicle  thus  writes  as  to  reaping  machines  : — "  It 
may,  perhajjs,  be  interesting  to  you  and  to  your  readers  to  learn  that 
those  'utter  barbarians,'  as  our  British  ancestors  have  been  wont  to 
be  called,  were  before  us  in  many  of  the  inventions  which  are  sup- 
posed to  be  the  result  of  modern  ingenuity.  I  am  not  prepared  to 
say  that  they  had  the  steam  plough,  but  that  they  had  reaping  ma- 
chines there  can  be  no  doubt  in  the  minds  of  those  who  read  the  fol- 

*rroia  the  London  Engineer,  No.  241. 
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lowin;;  mncli-ovorlookod   passa<^e  of  Pliny,  avIiu  Avrotc   Lctwccu  the 
years  00  aiul  70  ctf  tho  Cliristiaii  era: — 

l)c  Messe  et  Tritico. 

Mossis  ipsins  ratio  varia,  Galliaruni  latii'inidiis,  valli  ])r;vfrr''ni<lc9 
dciitibus  in  niargine  inlVstis  duabus  rot  is  j)or  st'gett'in  inipclliintur,  ju- 
mcnto  in  contrario  juncto,  it;i  diroptjo  in  vallum  cadunt  Hpiciac. 

Of  reaping  itself  there  are  various  methods;  in  the  broad  plains  of 
the  Gauls,  enormous  machines  with  teeth  set  in  a  row,  placed  (»n  two 
wheels,  are  driven  through  the  standing  corn,  a  horse  being  attuclied 
to  it  in  a  contrary  way  to  the  usual  mode  of  attaching  horses.  Thus 
the  corn,  being  cut  oft',  fulls  into  the  furrow. — VUny'a  Natural  llla- 
tori/,  Book  18,  chap.  30. 

Some  question  may  arise  whether  wo  should  translate  vallum  as  it 
occurs  in  the  latter  part  of  this  sentence  dificrently  from  the  sense 
given  that  word  at  the  beginning,  vallus  being  a  van  or  machine  (seo 
Ainsworth's  Dictionary),  and  vallum  being  a  trench  or  furrow.  If  we 
adopt  the  latter  translation,  then  it  follows  that  our  ancestors  had 
already  attained  that  excellence  in  their  machine  whicli  was  with  such 
difficulty  eftected  in  those  of  modern  construction.  If,  on  the  other 
hand,  we  translate  it  as  the  machine  itself,  then  they  had  accomplished 
that  which  our  modern  inventors  have  not  yet  succeeded  in,  for  they 
must  have  made  the  machine  not  only  to  reap,  but  to  carry  away  the 
corn." 
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Strength  of  Materials :  Deduced  from  the  latest  experiments  of  Bar- 
low, Buchanan,  Fairbairn,  llodgkinson,  Stephenson,  Major  "Wade, 
U.  S.  Ordnance  Corps,  and  others.  By  CnAS.  H.  Haswell,  Civil 
and  Marine  Engineer. 

No.  1. 

Elasticity  and  Strength. 

The  component  parts  of  a  rigid  body  adhere  to  each  other  with  a 
force  which  is  termed  Cohesion. 

Elasticity  is  the  resistance  which  a  body  opposes  to  a  change  of 
form. 

Strength  is  the  resistance  which  a  body  opposes  to  a  permanent  se- 
paration of  its  parts. 

Elasticity  and  Strength,  according  to  the  manner  in  which  a  force 
is  exerted  upon  a  body,  arc  distinguished  as 

1st.  —  Tensile  Strength,  or  Absolute  resistance. 
2d.  — Transverse  Strength,  or  resistance  to  Flexure. 
3d.  — Crushing  Strength,  or  resistance  to  Compression. 
4th. —  Torsional  Strength,  or  resistance  to  Torsion. 
6th. — Detrusive  Strength,  or  resistance  to  Shearing. 
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3Iodulus  of  Elasticity. 

The  Modidas  or  Co-efficient  of  tlte  Elasticity  of  any  suljstancc,  is  a 
column  of  the  same  substance,  ca])able  of  producing  a  pressure  on  its 
base,  "which  is  to  tlie  ^vcight  causing  a  certain  degree  of  compression, 
as  tlie  IcH'^th  of  tlie  substance  is  to  the  diminution  of  its  length  ;  or 
it  is  the  measure  of  the  ehastic  reaction  or  force  of  any  substance. 

To  ascertain  tlie  Extension  or  Compression  in  the  Length  or  Height 

of  a  Body. 

(i  ?  ==  E.  Q  representing  the  quantity  a  prism  of  any  substance  one 
inch  square  and  a  foot  in  lengtli,  would  he  extended  or  diminished  hj 
a  force  or  weight  f;  and  I  any  other  length  of  a  yrism  of  like  section 
and  substance. 

To  ascertain  the  3Iodulus  of  Elasticity. 

Rule. — As  the  extension  or  compression  of  the  length  of  any  sub- 
stance is  to  its  length,  so  is  the  weight  that  produced  that  extension 
or  compression  to  the  result  required. 

/ 
Or,  —  =  M  ;  M  representing  the  weight  of  the  modulus  in  i^ounds, 

for  a  section  or  base  one  inch  square. 

If  w  is  the  -weight  of  the  prism  of  one  inch  square  and  one  foot  in 
length, 

Then  -^  =  H ;  ii  representing  the  height  of  the  modulus  of  elas- 
ticity infect. 

To  ascertain  the  weight  which  a  given  column,  nearly  perpendicular^ 
is  capable  of  supporting,  omitting  the  effect  of  the  weight  of  the  col- 
umn  itself : 

d^ 
•8225  —  n  =  w  ;  d  representing  the  side  of  the  column. 

Illustration. — A  column  of  pine,  assuming  the  height  of  its  modu- 
lus to  be  9,000,000  feet,  one  inch  square,  and  5  feet  in  length,  may 
begin  to  bend  with  the  weight  of  a  like  column,  equal  in  length  to 

•8225  X  ,.  J'    ,,  X  9,000,000  =  2056 >^, 

or,  with  a  weight  of  (2056  x  '02  x  12,  the  product  of  the  length  and 
the  loeight  of  12  inches)  49344  lbs.,  omitting  the  weight  of  the  column 
itself. 

The  Weight  of  the  3Iodidus  of  Elasticity  of  a  horizontal  bar  fixed 
at  one  end,  is  to  a  weight  suspended  from  its  extremity,  as  four  times 
the  cube  of  the  length,  to  the  product  of  the  square  of  the  depth  and 
the  depression. 
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The  Uciijld  of  the  JfodulHS  of  EJaHticitj/  of  :i  ])ar,  snpportod  ;it 
botli  iMuls,  is  'l^O  of  the  fonrtli  power  of  its  lenp;tli,  diviilcd  by  llio 
product  of  the  depression  and  the  sciuarc  of  the  dcptli. 

The  weii]^ht  under  which  a  vertical  column  or  l)ar  not  fixed  at  its 
base  may  beizin  to  l>end,  is  to  a  weiiiht  biid  on  tlic  nrublle  of  tlic  sanio 
bar,  "wlien  supported  at  its  ends  in  a  horizontal  position,  nearly  in  the 
ratio  of  '002  of  the  length  to  the  depression. 

Modulus  of  Hcii^ht  of  Elasficity  of  various  suhs/ances,  and  the  portion  of  it,  which, 
if  applied  lengthwise  to  them,  would  pull  them  asunder. 


Height  of  the 
prism  which 

Proportion  of 

height  of 

cohesion  to 

elasticity. 

SunSTAXCES. 

Feet. 

would  be  severed 
by  its  own 

wciuht. 

Ash, 

4,01 7.000 

42.080 

109  ih 

Beech, 

4,1SO.OOO 

38,910 

107 

Brass!, — Yellow 

4,940,000 

5,180 

954 

Brick,      . 

5  970 
I  144 

Cane, 

1,400.000 

Cork, 

3,300 

Copper, — Cast 

5,000 

Deal, 

8,118.000 

55,500 

146 

Elm, 

5,680.000 

39.050 

146 

Fir, 

8,292,000 

40,500 

205 

Glass, 

4,440,000 

Gun  Metal, 

2,790,000 

Hempen  Fibres, 

5,000,000 

Twine,     . 

75,000 

' 

Iron, — Cast     . 

5,750,000 

6,110 

941 

"       Wrought,  Swedish,     . 

9,000,000 

19,740 

456 

English, 

7,550,000 

16,933 

446 

Ice, 

6,000,000 

300 

20,000 

Limestone, 

2,400,000 

(( 

1,600,000 

(( 

625,000 

Lignum  Vita?, 

1,850,000 

Larch, 

5,096,000 

42,160 

121 

Lance  Wood, 

5,100,000 

Lead, — Cast    . 

348 

Mahogany, 

7,500,000 

Marble,— White 

2,150,000 

1,542 

1394 

Oak, 

4,150,000 

32,900 

144 

Rosewood, 

3,600,000 

Slate,       . 

7,800,000 

7,300 

1068 

Steel,— Cast    . 

9,300,000 

39,455 

235 

Stone, — Portland    . 

1,570,000 

945 

1789 

Tanned  Cow's  Skin, 

10,250 

Teak, 

6,040,000 

36,049 

168 

Tin,— Cast      . 

1,496 

Whalebone, 

1,000.000 

14,000 

71 

Willow, 

6,200,000 

Writing  Paper, 

8,000 

Yellow  Pine,  . 

9,150.000 

(( 

11,840,000 

340 
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Modulus  of  Wci^/it  of  Elasticilij  of  various  substances. 


SlIlSTANf'KH. 

Weight  in  Ihs. 

SunSTANCKH. 

Weight  in  Ihs. 

Ash, 
Oak,  . 

1.525.000 
l,7l3,f;()0 

Cast  Iron, 

^  13.000  000 

Oak, — American 

1,058,700 

)  17,000,000 

Vrllow  l*iiu', 

l,H5(i,100 

Steel  Wire, 

20,500.000 

]»itdi  J^ino, 

1,252,000 

Steel  Plates, 

42,fJO0.000 

Rod  Pi  lie, 

2,  M  2,000 

S[)rucc, 

1,214,000 

Bar  Iron,    . 

28,400,000 

Zinc, 

13,fi80,000 

Wire, 

28,081,000 

l]ras.s,                 . 

8,930.000 

Beech, 

1,310,000 

l.ead. 

720.000 

Mahogany, — Spanish 

1,255,000 

Gun  Metal, 

9,873,000 

Tensile  Strength. 

Tensile  Sirengtli  is  the  resistance  of  the  fibres  or  particles  of  a  body 
to  separation.  It  is  therefore  proportional  to  the  number  of  fibres  or 
j^articles  in  the  body,  or  to  the  area  of  its  transverse  section. 

The  Absolute  Strength  of  materials,  pulled  lengthwise,  is  in  propor- 
tion to  the  squares  of  their  diameters. 


Table  op  the  Tensile  Strength  op  Materials. 
Power  required  to  tear  asunder  one  Square  Inch,  in  Avoirdupois  pounds. 


Metals. 

t 

lbs. 

lbs. 

Copper,  Wrought 

34,000 

Iron,  Plates,  boiler 

51,000 

Cast,  American 

24,250 

"       lengthwise 

53,800 

W'ire 

dl,200 

"       crosswise 

48,800 

Bolt 

36,800 

"       ship 

44,000 

Gold,  Cast 

20,000 

"       lengthwise 

47,600 

Iron,  Cast,  Low  Moor 

14,076 

"       crosswise 

40,600 

Clyde,  No.  1 

16,125 

Inferior  bar 

30,000 

3 

23,468 

Lead,  Cast 

1,800 

C alder.  No.  1 

13,735 

Milled 

3,320 

Stirling,  mean 

25,764 

Wire 

2.580 

Mean  of  American,  by 

Platinum,  Wire 

53,000 

Major  Wade, 

31.829 

Silver,  Cast 

40,000 

Greenwood,  American 

45.970 

Steel,  Cast,  maximum 

142,000 

Gun  metal,  mean  . 
Wire 

30.232 
103,000 

Blistered  soft             < 

133,000 
104,000 

Best  bar,  Swedish 

72,000 

Shear 

118.000 

Russian  bar    . 

59,500 

Blister 

104,000 

English  bar 

56.000 

Spring                  . 

72.500 

Rivets,  American 

53,300 

Puddled       . 

67,200 

Mean  by  Telford    . 

65,520 

Plates,  lengthwise 

96,300 

"        Brunei 

68,992 

"        crosswise 

73,700 

"        Barlow    . 

56,560 

Razor 

150.000 

English  rivets 

65.000 

Tin,  Cast  block 

5,000 

(^rank  shaft 

44,750 

Banca 

2,122 

Turnings 

55,800 

Zinc,  Cast 

3.500 

Scrap 

53,400 

Sheet 

16,000 
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Woods. 


11)8. 

11)8. 

Ash,                         .             $ 

12.()()() 

Oak,  American  while 

11,500 

1(;,(I0() 

English 

10,000 

Bopch, 

ii.r)0() 

Seasoned 

1:1,000 

IJox, 

20,0(10 

Kiga 

12,000 

Bay. 

11,(100 

African 

14,500 

Cedar, 

11,4(10 

Tine,  l»il(h  (Fir),      '. 

12,000 

Chestnut,  Sweet 

10,5(10 

IS' or  way 

13.000 

Cypress, 

(5.000 

American  White 

11,800 

Deal,  Christiana 

12,400 

Poplar, 

7,000 

Elm, 

1M.4()0 

Quince, 

6,000 

Lance  Wood, 

23,000 

iSvcainore, 

13,000 

Lignum  Vitse, 

11.800 

Teak,  Java 

14,000 

Locust, 

20,500 

African 

17,000 

Mahogany, 

21.000 

Walnut, 

7,800 

Spanish 

12,000 

Willow, 

13,000 

Maple, 

10,500 

Compositions. 


lbs. 

lbs. 

Gold  5,  Copper  1,    . 

50,000 

Copper  8,  Tin  1,  small  bars. 

50.000 

Brass, 

42.000 

Yellow  metal, 

48,000 

"     Yellow 

18,000 

Silver  5,  Copper  1, 

48,000 

Bronze,  least 

17,698 

"    4,  Tin  1,    . 

41,000 

"        greatest 

56,788 

Tin  10,  Antimony  1, 

11,000 

Copper  10,  Tin  1, 

32,000 

"     10,  Zinc  1,    . 

12,914 

9,     "    1,    . 

17.250 

«     10,  Lead  1, 

6,800 

"         8,     "    l,gun  metal. 

30,000 

Miscellaneous  Substances. 


lbs. 

lbs. 

Brick,  well  burned 

750 

Rope,  Manilla 

3200 

inferior 

290 

Wire 

37,000 

Chalk, 

118 

Hemp 

6400 

Cement,  Portland,  6  mos. 

414 

Mortar,  20  years,   . 

52 

((                 t*       "jr     « 

400 

Plaster  of  Paris, 

72 

Glass,  Plate 

9400 

Slate, 

12,000 

Flint 

4200 

Sandstone,  Fine  grain  . 

200 

Green 
Crown 

4800 
6000 

Stone,  Portland                     5 

857 
1000 

Hemp  Fibres, 

6400 

Hailes 

360 

glued  together. 

9200 

Craigleith 

400 

twisted,  i  to  1  in.  dia. 

8746 

Bath, 

352 

1  to  3 

6800 

Cement,  Sheppy 

24 

3  to  5       *• 

6345 

Harwich    . 

30 

5  to  7 

4860 

Chalk  4,  Blue  clav5 

70 

Ivory, 

16,000 

Portland  1,  Sand  3 

3S0 

Marble,  White 

9000 

Whalebone, 

7600 

Italian 

5200 

Hemp  ropes,  1  ton  per  ft),  weight,  per  fathom. 
Wire  ropes,  2  tons  per  ft),  weight,  per  fathom. 
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Cast  iron  (Greenwood)  \\i  tlirec  successive  meltings,  gave  tenacities 
of  21,300,  30,100,  and  35,700  lbs. 

Broii/c  (gun  nietul)  varies  in  tenacity  from  23,000  to  54,500  lbs. 

Q^lie  iibres  of  "woods  are  strongest  near  the  centre  of  the  trunk  or 
limb  of  the  tree. 

Experiments  on  cast  iron  bars  give  a  tensile  strength  of  from  4000 
lbs.  to  5000  lbs.  per  square  inch  of  its  section,  as  just  sufficient  to 
balance  tlie  elasticity  of  tlie  metal ;  and  as  a  bar  of  it  is  extended 
one  five  thousand  five  hundredth  part  of  its  length  for  every  ton  of 
direct  strain  per  square  inch  of  its  section,  it  is  deduced  that  its  elas- 
ticity is  fully  excited  -vvhcn  it  is  extended  less  than  the  three  thousandth 
part  of  its  length. 

The  mean  tensile  strength,  then,  of  cast  iron  being  from  lG,000ibs. 
to  20,000  lbs.,  the  Value  of  it,  when  subjected  to  a  tensile  strain,  may 
be  safely  estimated  at  from  one-fourth  to  one-third  of  this,  or  of  its 
breaking  strain. 

A  bar  of  cast  iron  will  contract  or  expand  '000006173,  or  the 
162,000ths  of  its  length  for  each  degree  of  heat ;  and  assuming  the 
extreme  range  of  the  temperature  in  this  country,  between  the  shade 
in  winter  and  the  sun's  rays  in  summer,  in  the  Middle  States,  to  be 
140°  ( — 20°  4-  120°),  it  will  contract  or  expand  with  this  change 
•0008542,  or  the  1157ths  of  its  length. 

It  follows,  then,  that  as  2240  lbs.  will  extend  a  bar  the  5500th  part 
of  its  length,  the  contraction  or  extension  for  the  1157th  part,  will  be 
equivalent  to  a  force  of  10,645ths  (4*75  tons)  per  square  inch  of  section. 

Experiments  on  wrought  iron  bars  give  a  tensile  strength  of  from 
18,000  lbs.  to  22,400  lbs.  (10  tons)  per  square  inch  of  its  section,  as  just 
sufficient  to  balance  the  elasticity  of  the  metal ;  and  as  a  bar  of  it  is 
extended  the  ten-thousandth  part  of  its  length  for  every  ton  of  direct 
strain  per  square  inch  of  its  section,  it  is  deduced  that  its  elasticity  is 
fully  excited  when  it  is  extended  the  one-thousandth  part  of  its  length. 

The  mean  tensile  strength,  then,  of  wrought  iron  being  from 
55,000  lbs.  to  65,000  lbs.,  the  Value  of  it,  when  subjected  to  a  tensile 
strain,  may  be  safely  estimated  at  from  three-tenths  to  one-fourth  of 
this,  or  of  its  breaking  strain. 

A  bar  of  wrought  iron  will  expand  or  contract  -000006614,  or  the 
151,200th  part  of  its  length  for  each  degree  of  heat ;  and  assuming, 
as  before  stated  for  cast  iron,  that  the  extreme  range  of  temperature 
in  the  air  in  this  country  is  140°,  it  will  contract  or  expand  with  this 
change,  with  a  force  equivalent  to  20,740  lbs.  (9*25  tons)  per  square 
inch  of  section. 

The  tensile  force  of  metals  varies  with  their  temperature,  generally 
decreasing  as  the  temperature  is  increased. 

In  silver,  the  tenacity  decreases  more  rapidly  than  the  temperature ; 
in  copper,  gold,  platinum,  and  palladium,  it  decreases  less  rapidly  than 
the  temperature. 
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111  Iron,  the  tenacity  is  less  at  212°  tlum  at  32°,  and  at  392°  it  \s 
greater  than  at  32°. 

Tensile  stren;jjtli  of  the  strongest  piece  of  cast  iron  ever  tested, — 
15,1170  lbs.  This  Avas  a  mixture  of  grades  1,  2  and  3  of  (Jreenwood 
ron,  and  at  the  3d  fusion. 

Adhesion  of  Roman  cement  to  blue  stone,  77  lbs.  per  s(|uarc  inch. 
Table  nf  Elemcnfs  connected  with  the  Tensile  Resistance  of  various  substances. 


Tensile  Strain 

Proportional 

Ratio  of  strain 

Substances. 

per 

square  inch 

elongation  lor 

in  column  1  to 

lor 

iniit  of  elas- 

strain of  limit  of 

that  causing 

ticity. 

elasticity. 

rupture. 

Oak, 

lbs. 
2,850 

•001C7 

•23 

Yellow  Pine,     . 

3,332 

•00117 

•33 

Broch, 

3,355 

•00212 

•30 

Wrought  Iron,  ordinary    . 

17,600 

•00062 

•30 

Swedish 

24,400 

•00093 

•44 

English     . 

\  18,850 
\  22,400 

•0007  2 
•OOOSO 

•37 

•44 

American 

'  21,000 

•00080 

•40 

do.  Wire,  No.  9,  unannealed 

47,532 

•00105 

•49 

annealed 

36,300 

•00129 

•58 

Steel  Plates,  blue  tempered 

93.720 

•00222 

•67 

Wire,                 , 

35.700 

•00120 

•50 

Cast  Iron,  English 

4,000 

•00116 

•25 

American 

5,000 

•00149 

•25 

(To  be  Continued.) 


For  the  Journal  of  the  Franklin  Institute. 

Particulars  of  the  Steam  Ferry  Boat  John  P.  Jackson. 

Hull  built  by  0.  Burtis,  Brooklyn,  N.  Y.  Machinery  by  William 
Birkbeck,  Jersey  City,  N.  J.  Owners,  New  Jersey  Transportation 
Company. 

Hull.— Length  on  deck,  210  fl.  Do.  at  load  line,  210  ft.  Breadth  of  beam  Cmolded), 
33  ft.  Depth  of  hold,  13  feet.  Do.,  to  spar  deck,  13  feet.  Frames— molded,  14  ins.— 
sided,  6  ins.— apart  at  centres,  12  ins.  Keel,  depth,  11.  Draft  of  water,  forward  and 
aft,  5  feet  6  inches.  Tonnage,  858.  Area  of  immersed  section  at  load  draft  of  5  feet, 
140  sq.  feet. 

En-gines.— Vertical  beam.  Diameter  of  cylinder,  45  ins.  Length  of  stroke,  11  feet. 
Cut-off  at  one-third. 

Boiler.— One— Drop  flue,  round  shell.  Length  of  boiler,  30  feet.  Breadth  of  dc, 
10  feet.  Height  do.,  exclusive  of  steam  chimney,  10  feet.  Number  of  furnaces,  two. 
Length  of  grate  bars,  6  ft.  Number  of  flues,  above,  6  of  15^  ins.;  in  centre,  6  of  15  ins.; 
below,  2  of  23  ins.,  2  of  14  ins.  Length  of  flues,  above,  18  ft.;  in  centre,  15  ft.  10  ins.; 
below,  17  ft.  10  ins.     Diameter  of  smoke  pipe,  4  ft.  6  ins.     Height  do.,  48  ft. 
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Paddlk  Whkels. — Diainplcr  ovrr  boards,  21  feet.  Length  of  blades,  9  feet.  Depth 
do.,  two  of  r^  ins.      Number  do.,  18. 

Remarks. — This  is  tlie  largest  ferry  boat  ever  Luilt  in  this  section 
of  the  country,  and  is  to  ]>ly  hetwecn  tlie  City  of  New  York  and  ,Ter- 
sey  City.     Date  of  trial,  October,  180U.  C.  II.  II. 


For  tlio  .Tonrnal  of  the  Franklin  Institute. 

Particulars  of  tlie  Steamer  John  P.  King, 

TTnll  hnilt  by  J.  A.  AYcstervelt  k  Sons.  Machinery  by  Allaire 
"Works,  New  York.     Owners,  Spolford,  Tileston  k  Co. 

Hull.— Length  on  deck,  235  ft.  Do.  at  load  line,  233  ft.  Breadth  of  beam  (molded), 
36  ft.  4  ins.  Depth  of  hold,  13  ft.  3  ins.  Do.,  to  spar  deck,  20  feel.  9  ins.  Frames — 
molded,  15  ins. — sided,  14  ins. — apart  from  centres,  30  ins.  Keel,  depth  11.  Draft  of 
water,  forward  and  aft,  12  ft.  Tonnage,  1740.  Area  of  immersed  section  at  load  draft 
of  12  ft.,  371  sq.  ft.     Masts,  two. — Rig,  schooner. 

Engines. — Vertical  beam.  Diameter  of  cylinder,  71  ins.  Length  of  stroke,  12  feet. 
Maximum  pressure  of  steam,  30  lbs.     Cut-oiT — variable. 

Boilers. — Two — Return  flue.  Length  of  boilers,  26  ft.  Breadth  of  do.,  12  ft.  2  ins. 
Height  do.,  exclusive  of  steam  chimney,  12  ft.  2  ins.  Number  of  furnaces,  5  in  each. 
Breadth  do.,  3  ft.  ^  in.  Length  of  grate  bars,  7  ft.  3  ins.  Number  of  flues,  above,  18, 
below,  15.  Liternal  diameter  of  flues,  above,  8  of  13  ins.,  8  of  1 1  ins.,  2  of  10  ins. ;  be- 
low, 15  inches.  Length  of  flues,  above,  19  ft.  4  ins.,  below,  12  ft,  7  ins.  Grate  surface, 
225  sq.  ft.  Heating  surface,  5426  sq.  feet.  Diameter  of  smoke  pipes,  7  feet.  Height 
of  do.,  60  feet. 

Paddle  Wheels. — Diameter  over  boards,  28  feet.  Length  of  blades,  10  feet.  Depth 
do.,  12  ins.     Number  do.,  24. 

Date  of  trial,  October,  1860.  C.  H.  H. 


Description  of  Fryer  s  Apparatus  for  Filling  Locomotive  Tenders  ivith 
Water. "^     By  Mr.  James  Fenton,  of  Low  Moor. 

Dr.  Papin,  the  celebrated  French  precursor  of  the  many  inventions 
connected  with  modern  steam  power,  demonstrated,  as  early  as  the 
year  1700,  the  practicability  of  raising  water  by  the  direct  action  of 
steam  pressure  on  its  surface ;  and  this  system  is  still  adopted  with 
complete  success  for  raising  saccharine  fluids  in  most  sugar  houses 
throuo-hout  the  world.  The  method  of  filling  locomotive  tenders  with 
water,  where  the  supply  is  below  the  level  of  the  railway,  recently  in- 
vented by  Mr.  Alfred  Fryer,  of  Manchester,  and  forming  the  subject 
of  the  present  paper,  is,  in  fact,  an  adaptation  of  Dr.  Papin's  sim- 
ple contrivance  of  160  years  ago. 

The  apparatus  consists  of  a  wrought  iron  cylinder  of  1500  or  2000 
gallons  capacity,  placed  upright  beneath  the  surface  of  the  supply 
water,  which  may  be  from  10  to  120  feet  below  the  level  of  the  rail- 

*  From  Newton's  London  Journal,  August,  1860. 
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T^'^3^  To  rodiico  tlie  amount  o!"  condensation,  the  cylinder  is  surround- 
ed with  brickwork,  and  a  space  of  -  inches  between  tiie  brickwork  and 
the  cylinder  is  tilled  with  clay,  t(»  |)i-event  any  water  I'roni  ;:ettin;;  to 
the  outside  of  the  cylinder.  The  cylinder  contains  a  wrou;j:ht  iron 
iloat,  fitting  it  easily,  and  slidiui:  on  a  centre  ^uide-iod.  The  supplv 
water  enters  throu;ili  a  self-actin<x  inlet  valve,  of  about  Tr>  sijuare 
inches  area,  at  the  top  of  the  cylinder,  and  it  is  disehar<:ed  from  the 
bottom  of  the  cylinder  throu«rh  a  pipe  leadinij  to  the  eni^ine  water- 
crane.  A  steam-pipe  is  attached  to  the  toj>  of  the  cylinder,  leadin«^ 
to  two  ])illars  })laced  a  few  yards  distant  on  each  side  of  the  crane, 
and  near  the  line  of  rails,  and  provided  with  ilexible  pii)es,  bavin;; 
bayonet  joints  for  cou])lin^  to  the  locomotive  boiler.  AVhcn  a  tender 
is  drawn  up  to  be  filled,  tJie  enijine-driver  couples  one  of  the  Ilexible 
pipes  to  the  boiler,  and  turns  on  the  steam,  which,  passin;;  into  the 
water  cylinder,  presses  on  the  float,  and  forces  the  water  up  through 
the  crane  into  the  tender  with  great  rapidity. 

To  prevent  the  steam  now  contained  in  the  upper  part  of  the  cylin- 
der from  blowing  out  violently  into  the  atmosphere  when  the  flexible 
pipe  is  disconnected,  a  valve  is  placed  in  the  top  of  the  pillars,  open- 
ing inwards,  which  allows  a  free  passage  for  the  steam  to  enter  the 
cylinder ;  but  when  the  pipe  is  uncoupled,  the  steam  can  only  escape 
slowly  through  a  small  hole  drilled  in  the  valve.  A  hanging  valve  is 
placed  between  the  two  branches  of  the  steam-pipe,  which  prevents 
the  steam  entering  through  one  of  the  pillars,  from  blowing  out  direct 
through  the  other,  instead  of  passing  down  into  the  cylinder.  As  the 
jteam  escapes  from  the  cylinder,  a  fresh  supply  of  water  enters  it 
:hrough  the  inlet  valve,  the  cylinder  being  placed  below  the  surface 
)f  the  supply  water.  This  valve  is  contained  within  a  well,  and  the 
mpply  water  is  admitted  through  a  valve  and  grating,  by  which  it  can 
36  stopped  back  out  of  the  well  at  any  time,  for  the  purpose  of  exam- 
ning  the  inlet  valve ;  or  the  valve  itself  can  be  detached  and  drawn 
ip  to  the  top  of  the  well,  being  slidden  down  to  its  place  upon  guide- 
•ods,  and  secured  by  long  screwed  bolts  that  can  be  reached  from  the 
lurface.  The  float  is  strengthened  against  collapsing  by  circular  stays ; 
md  a  small  tube  is  inserted  in  it,  reaching  almost  to  the  bottom,  so 
hat  if  any  water  should  get  into  the  interior  of  the  float  through  a 
lefective  joint,  it  is  expelled  through  the  tube  as  soon  as  the  pressure 
>f  steam  is  removed  from  the  outside  of  the  float,  after  filling  a  tender. 

The  apparatus  is  equally  applicable  when  the  supply  of  water  is  ob- 
ained  from  a  reservoir  at  the  foot  of  an  embankment,  from  a  well  con- 
iderably  below  the  level  of  the  ground,  or  from  running  water. 

In  this  plan  of  raising  water  by  the  direct  action  of  steam  pressure, 
t  might  be  expected  that  the  condensation  of  steam  in  the  water  cy- 
inder  would  be  so  considerable  as  to  interfere  seriously  with  the  work- 
Qg  of  the  apparatus;  but  it  must  be  borne  in  mind  that  the  larger  the 
ylinder,  the  smaller  is  the  extent  of  surface  presented  for  condensa- 
ion,  in  proportion  to  its  contents  ;  and  it  has  been  proved  by  experi- 
lent  that  this  is  not  a  serious  objection  in  the  size  of  the  present 
pparatus )  while  the  friction  and  waste  of  power  involved  with  the 
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j)Uinpa  nnd  engines  now  in  use  arc  obviously  saved.  In  order  to  as- 
certain wlietlier  a  locomotive  boiler  can  aflord  to  lose  tlie  amount  of 
steam  re([uisite  to  raise  the  water,  especially  where  the  lift  is  from  50 
to  60  feet  high,  a  boiler  has  been  constructed  of  141  gallons  capacity, 
Gl^  per  cent,  of  which  w:is  filled  with  water,  connected  by  a  flexible 
tube  with  a  water  cylinder  holding  I'jl  gallons, — the  arrangement 
being  in  all  respects  similar  to  that  already  described  ;  the  discharge 
"water  pipe  from  the  cylinder  rose  00  feet  perpendicularly,  but  had 
valves  \\i  various  lower  elevations.  The  water  pipe  was  4  inches  dia- 
meter inside,  and  the  steam  pipe  1^  inches  diameter,  and  the  area  of 
steam  way  in  the  tap  1*83  square  inches.  Many  trials  were  made,  in 
each  of  which  131  gallons  of  water  were  raised ;  the  average  height 
of  lift  being  52  feet,  and  the  average  pressure  of  steam  in  the  boiler 
50  J  lbs.  per  square  inch.  In  order  to  guard  against  too  rapid  a  gene- 
ration of  steam,  and  to  approximate  to  the  condition  of  a  locomotive 
"when  standing  at  a  station,  the  damper  remained  closed  during  each 
trial.  It  w\as  then  found  that  the  loss  of  steam  pressure  in  raising  the 
131  gallons  of  water  52  feet  high,  was  only  4-2  lbs.  per  square  inch, 
and  the  time  required,  32  seconds.  When  the  damper  remained  open, 
the  steam  was  generated  more  rapidly  than  it  was  used,  and  the  pres- 
sure then  rose  daring  each  trial.  Hence,  a  locomotive  just  arrived  at 
a  station  will  always  have  sufficient  steam  to  spare  to  refill  the  tender; 
and  this  will  consequently  be  effected  at  the  entire  saving  of  the  pump- 
ing engines,  pumps,  and  buildings  at  present  necessary,  while  the 
heavy  expenses  now  incurred  of  attendance,  repairs,  and  fuel,  are  dis- 
pensed with. 

With  this  apparatus,  there  is  no  difficulty  in  working  during  frost ; 
the  crane  and  pipes  being  kept  always  empty,  and  the  water  cylinder 
below  the  ice — thus  removing  the  danger  of  the  pipes  bursting,  and 
obviating  the  necessity  of  keeping  them  thawed  by  the  application  of 
fires,  as  in  the  case  of  the  present  w\ater  cranes.  This  is  a  considera- 
tion of  no  little  importance,  especially  in  Canada  and  other  countries 
subject  to  severe  and  protracted  frosts.  The  steam  that  is  condensed 
in  forcing  up  the  water  is  not  entirely  lost,  as  it  serves  slightly  to  warm 
the  water  which  will  shortly  supply  the  boiler.  It  has  been  computed 
that  the  cost  in  fuel  of  raising  1000  gallons  of  water  50  feet  high,  by 
this  process,  is  less  than  one  halfpenny ;  and  the  plan  is  therefore 
recommended  by  economy,  great  simplicity,  and  rapidity  of  action. 

Mr.  A.  Fryer  said,  he  had  been  led  to  this  plan  by  difficulties  ex- 
perienced in  raising  continually  large  quantities  of  saccharine  fluids, 
of  a  specific  gravity  of  about  1*3,  which  had  to  be  raised  a  height  of 
60  feet,  to  the  top  of  the  sugar  manufactory.  Cranes  were  previously 
used  to  lift  the  bags  of  rough  sugar  to  the  top  of  the  building,  but 
this  was  found  to  be  a  slow  and  expensive  process  when  a  large  amount 
had  to  be  conveyed,  and  pumps  were  then  employed  for  the  purpose ; 
the  first  process  of  dissolving  the  sugar  in  hot  water  being  performed 
at  the  bottom  of  the  building,  and  the  liquid  then  pumped  up  to  the 
top ;  but  the  pumps  were  found  to  be  rapidly  worn  and  cut  by  the 
large  quantity  of  sand,  pieces  of  cane,  and  other  rubbish  that  was 
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nixed  with  tlie  rough   sugar,  ami  no  form  of  pump  was  able  to  stand 
:lic  ^vc)rk.      He  then  tried  th<^  direet  apjilleation  of  the  steam  pressure 
:o  force  up  the  liipiid  through  ii  l)ipe,  and  found  it  so  completely  suc- 
cessful that   the   plan  -was  adopleil  for  the  wholo  of  the  work.     The 
lissolved  sugar  was  put  in  a  large  close  vessel,  like  a  circular  boiler, 
.)  feet   diameter,  with  a   delivery  pipe  4  inches    diameter,  extending 
from  it  to  the  top  of  the  building,  a  height  of  (JO  feet ;   and  steam  at 
10  ibs.  per  inch  pressure  was  let   into   the   upper   part  of  the  vessel, 
md,  pressing  upon  the  surface  of  the  rujuid,  forced  it  instantly  up  the 
delivery  pipe,  the  lower  end  of  which  reached  to  the   bottom  of  the 
vessel  inside.     The  process  was  efiected  with  great  rapidity,  the  solid 
refuse  lying  at  the  bottom  of  the  vessel   being  swept  clean  out,  toge- 
ther with  the  li(iuid.    A  (quantity  of  20,000  gallons  per  day  was  regu- 
larly raised   in   this  way,  and   the    solid   matter   carried   up  besides 
amounted  to  several  tons  per  day.    The  vessel  was  recharged  by  con- 
densing the  steam  in  it  by  a  jet  of  cold  water  upon   the   outside,  and 
opening  a  communication  with  tlie  vat  in  which  the  sugar  was  dissolved; 
the  vessel  then  became  rapidly  filled,  and  the  process  of  letting  in  the 
steam  and  expelling  the  contents  up  the  delivery  pipe  was  directly  re- 
peated.    There  was  found  to  be  but  little  waste  of  steam  in  this  pro- 
cess, although  no  float  Avas  used  in  the  vessel,  and  the  steam  was  ad- 
mitted direct  upon   the   surface  of  the  liquid ;  for  a  film  of  boiling 
water  was  immediately  formed  upon  the  surface  of  the  liquid  by  the 
condensation  of  a  small  portion  of  the  steam,  which  acted  effectually 
as  a  non-conducting  diaphragm,  cutting  off"  the   communication  with 
the  colder  liquid  below,  since  there  was  no  circulation  to  convey  the 
heat  downwards. 

He  had  also  made  a  trial  of  the  same  plan  for  raising  water  from  a 
well  Go  feet  deep  upon  the  works,  in  which  the  pump  was  sometimes 
under  water,  so  that  the  valves  could  not  be  reached  for  repairs,  and 
the  pump  was  consequently  stopped  working  ;  and  he  had  succeeded 
in  raising  100,000  gallons  of  water  per  day  from  the  well,  by  that 
means.  In  this  case,  the  rising  main  from  the  pumps,  which  Avas  18 
inches  diameter,  had  a  second  pipe,  4  inches  diameter,  inserted  within 
it  extending  nearly  to  the  bottom,  and  having  a  valve  at  the  bottom 
opening  upwards ;  the  space  between  the  two  pipes  was  closed  at  the 
top  with  a  steam-tight  joint,  and  steam  of  40  ibs.  pressure  was  admit- 
ted to  it  from  an  adjoining  boiler.  This  steam  expelled  the  water  from 
the  space  between  the  pipes,  driving  it  up  the  centre  pipe ;  and  on 
shutting  off"  the  steam,  a  fresh  supply  of  water  entered  this  space  by 
condensation  of  the  steam,  and  was  again  expelled  up  the  centre  pipe 
by  repeating  the  piK)cess. 

In  order  to  ascertain  whether,  in  the  case  of  filling  locomotive  ten- 
ders, there  would  be  any  risk  of  difficulty  from  want  of  sufficient 
steam  in  the  engine  boiler  to  serve  for  raising  the  water,  he  had  tried 
some  experiments  with  a  small  boiler  disconnected  from  any  other 
work,  raising  the  water  by  the  steam  pressure,  from  a  close  vessel  up 
a  vertical  stand-pipe,  w^hich  had  cocks  fixed  into  the  side  at  different 
levels,  that  could  be  opened  successively  for  discharging  the  water. 
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lie  found  tlint  t,ho  water  was  dischnrfTcd  at  GO  feet  hciglit,  with  a  pres- 
sure of  stciitn  in  tlie  hoilcr  of  27  l)»s.  ])vy  S(jua.re  inch,  wliicli  was  only 
pli;i;litly  above  tlic  pressure;  rctpiired  to  balance  the  column  of  water. 
Tlie  ([uantity  of  steam  rcfjuired  was  found  to  be  so  small,  that  a  sup- 
ply of  water  sufficient  to  fill  a.  locomotive  tender  was  easily  raised  with 
the  boiler  fire  checked  and  the  damper  kept  closed,  to  correspond  with 
the  oondition  of  a  locomotive  stimding  at  a  station.  In  api)lyinf5  this 
plan  for  filling  tenders,  his  object  was  to  employ  the  power  available 
in  the  locomotive  engine  for  raising  the  water  direct,  instead  of  re- 
quiring the  erection  of  fixed  pumping  machinery  and  engine  power  at 
each  station. 

It  was  thought  that  the  plan  possessed  many  advantages-  It  had 
great  simplicity,  and  was  free  from  liability  to  derangement  from 
frost ;  the  saving  also  in  first  cost  would  be  very  considerable,  where 
stationary  engines  had  now  to  be  employed  for  pumping. 
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Alkalies, — Preservat.  of  Caustic   John  Sciberjing, 
AmaigamiUor,         .  Wm.  Gluyas, 

■n ,  James  White, 

Ant  Trap,  .  Cottingham  &  Menefee, 

Artificial  Legs,  .  B.  W.  Jewett, 

Auger,  .  W.  A.  Ives, 


Augers, — Handle  Fastenings  for  J.  M.  Hathaway, 

Bed  Bottom,  .  L.  W.  Buxton,    . 

. Slat,  .  J.  N.  Dennett, 

Bedstead,  .  Wm.  Deckmann, 

. .  John  Leigh, 

Fastening,  H.  T.  Smith, 

Beehives,  .  Daniel  Arndt, 

«  Fi.  S.  Bacon,        , 

.  Wm.  Hyde, 

.  Samuel  Maitland, 

.    .  C.  Williams, 

Bells, — Apparatus  for  Ringing  James  Harrison, 

Belt-shipper,  .  J.  C  Goar, 

Black-boards, — Composition  for  J.  B.  Rowell, 

Blanks, — Machine  for  Rolling  N.  C.  Lewis, 

Blind  Rods, — Wiring  Jacob  Coover, 

Boiler  Tubes, — Drawing  .  S.  J.  Perry, 

Books  and  Paper, — Trimming  Gabriel  Utley, 
Boots  &  Shoes, — Manufacture  of  L.  R.  Blake, 


Bottles, 


-Apparatus  for  Filling 


Boxes, — Cutting 
Brakes, — Car 

— , — Carriage 

— — — , —  Railroad  Car 


-, — Self-acting  Wagon 


J.  N.  Bodine, 
John  Maurer, 
C.  A.  Gregory, 
C.  Sewerkrop, 
H.  W.  Norvilj, 
Edward  Behr, 
Walter  Somerville,  Jr., 
George  Buchanan, 
L.  W.  Baker, 


Bread  Slicer, 

Breast  Pumps, — Construction  of  J.  H.  Beadle, 


Philadelphia, 

San  Francisco, 

Bangor, 

Texana, 

Gilford, 

N.  Haven, 

City  of 

Nashua, 

Bath, 

Canton, 

Edgefield, 

Washington, 

Zanesville, 

Albion, 

Emery, 

Fort  Wayne, 

Weston, 

Troy, 

Monterey, 

Lynn, 

Boston, 

Chambersburg, 

Columbia, 

Chapel  Hill, 

Abington, 

Brklgeton, 
City  of 

Poughkeepsie, 
Louisville, 
Livingston, 
City  of 
Mitchell  Stat., 
Hickory, 
Marlboro', 
City  of 


Pcnna. 

Cal. 

Me. 

Texas, 

N.  H. 

Conn. 

iV.  Y. 

N.  H. 

Me. 

Ohio, 

S.  C. 

D.  C. 

Ohio, 

N.  Y. 

Ohio, 

Ind. 

Mo. 

N.  Y. 

Cal. 

Mass. 
i( 

Penna. 

S.  C. 

N.  C. 

Mass. 
(( 

N.J. 

N.  Y. 

(( 

Ky. 

Ala. 

N.  Y. 

Va. 

Penna. 

Mass. 

N.  Y. 


14 
7 

28 
7 
7 

28 

21 

7 
21 
21 

7 
14 
21 
28 

7 
28 
28 
28 
14 

7 

7 

7 
21 

7 
14 
14 
14 
14 
28 

7 
21 

7 
21 
28 
14 
21 
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Brick  Mnchitics,  . 

Ihir^lrtr  Alarm, — Clock  and 
Bullcr-workor,        . 

Caml|p-wick«, 

Cuiullos, — Machinery  for  Mould. 

Caiic-coverors, 

Cans, —  Exhausting  and  Scaling 

, — Grooves  in  Necks  of 

Car  Ke^^istor. 

iSoats  and  Couches,  . 

Cars, — Iron 

, — Sleeping 

Carriages, — Extcn.  of  Seals  for 

Cattle  Ties, 

Chair  Bottom, — Metallic 

, — Folding 

Cheese  Cutter, 

Hoops, 

Cliuck  and  Counter-aink, 
Churn, 


Clothes  Dryer, 


Coal, — Separating  Slate  from 

ColVee  Roaster, 

Coloring  Matter  from  Oak  Bark, 

Cooking  Range, 

Cork-drawer, 

Corn  Planters, 


Shcllers, 
Stalk  Cutters, 


Cotton  Bales, —  Fastenings  for 
Gins, 


Presses, 


Couplings  for  Belts, 
, — Car  , 

Coupling, — Hose 
Couplings, — Railroad  Car 
Crimping  Machines, 
Cultivators, 


, — Cotton 

Cupboard  and  Sink,  . 

Cutlery, — Handles  for 

Vol.  XL. — Third  Series. — N 


W.  S.  Wallace, 

AmericuB, 

Cla. 

28 

Mill.  \\  oud,           . 

Hartford, 

Conn. 

14 

(t.  K.  I'roctor, 

Beverly, 

Mhnh. 

7 

li.  S.  Ingrahum,  . 

Graflon, 

Ohio, 

7 

J.  H.  Tatum, 

City  of 

N.  Y. 

21 

Fcrdinanil  Meyroac, 

St.  Louis, 

Mo. 

7 

E.  H.  Angamar, 

New  Orleans, 

La. 

28 

W.  V.  (Jill. 

Henderson, 

Ky. 

14 

J.  1).  Willoughbv, 

PclerHliurg, 

Va. 

21 

L.  H.  French.     *. 

Philadelphia, 

Penna. 

28 

Davitl  I'ennoyer, 

North  East, 

N.  Y. 

28 

Richard  Montgomery, 

City  of 

« 

7 

J.  B.  Sutherland, 

Detroit, 

Mich. 

14 

J.  A.  Nay  lor,       . 

Rahway, 

N.J. 

21 

George  Hull. 

Port  Crane, 

N.  Y. 

28 

Volney  Stockton, 

Williamsburgh 

,  Ohio, 

7 

J.  H.  Swan, 

City  of 

N.  Y. 

21 

J.  G.  Barker, 

Watertown, 

Mass. 

14 

H.  A.  Roe, 

Madison, 

Ohio, 

28 

Daniel  Argerbright, 

Gratis, 

It 

21 

J.  M.  Buell, 

Zanesvilje, 

« 

7 

Huichins  &  Leach, 

Penobscot, 

Me. 

li 

Ransom  Gilbert, 

.         Morrisville, 

Vt. 

28 

D.  K.  Hickok,     . 

<( 

>( 

21 

Josee  Johnson, 

City  of 

N.  Y. 

14 

L.  P.  Garner, 

Ashland  Bor'h 

Penna. 

7 

R.  Little, 

Middle  Branch 

,Ohio, 

28 

Carl  Henrichs,     . 

City  of 

N.  Y. 

7 

E.  G.  Niles, 

Cincinnati, 

Ohio, 

21 

Chas.  Alexander, 

Washington, 

D.  C. 

7 

F.  G.  and  E.  A.  Floy 

i,       Macomb, 

III. 

28 

J.  S.  Fowler, 

Peoria, 

(1 

14 

Aaron  Miller. 

.         Brockport, 

N.  Y. 

14 

D.  and  H.  Wolf, 

Lebanon, 

Penna. 

23 

C.  L.  Waffle, 

,         Sharon, 

Ohio, 

21 

George  Danforth, 

Friendsville, 

111. 

21 

J.  R.  Marshall, 

Marine, 

<( 

21 

J.  \V.  Evans, 

City  of 

N.  Y. 

21 

A.  H.  Burdine, 

Chulahoma, 

Miss. 

28 

John  Goulding,    . 

N.  Wilbraham 

,  Mass. 

28 

J.  C.  Sellers, 

.         Woodville, 

Miss. 

28 

Chas.  Fairfax,  Jr., 

Cincinnati, 

Ohio. 

21 

R.  S.  Potter, 

Chicago, 

111. 

28 

L.  H.  Shular,       . 

Crawfordsville, 

Ind. 

7 

George  Hancock, 

Providence, 

R.  L 

7 

W.  H.  H.  Miller, 

Williamsport, 

Penna. 

28 

David  Bissell, 

Detroit, 

Mich. 

28 

Thomas  Black,    . 

Princeville, 

III. 

28 

Schuyler  Goldsmith, 

Wataga, 

t( 

14 

L.  E.  Hawkins,  .' 

Sangamon, 

(< 

14 

E.  S.  Hutf, 

,         Zanesville, 

Ohio, 

28 

Lewis  Leber, 

Springfield, 

111. 

21 

T.  W.  McDill, 

Oquawka, 

t( 

21 

Mark  Rigell, 

Dawson, 

Ga. 

14 

Jackson  Shannon, 

Dakota, 

Wis. 

14 

Taylor  &  Graves, 

Fort  Adams, 

Miss. 

14 

Ephraim  Wells, 

Auburn, 

t( 

28 

Ferdinand  Wolf, 

Brooklyn, 

N.  Y. 

14 

G.  W.  N.  Yost, 

YellowSprings 

Ohio, 

28 

J.  L.  Middlebrooks, 

Salem, 

Ga. 

7 

Anthoni  Iske, 

Lancaster, 

Penna. 

7 

Matthew  Chapman, 

Greenfield, 

Mass. 

7 

0.  5. — November,  186( 

). 
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Docolorizors, — Compoundf?  as 
])c<'|)  Sea  Soundiiin  Mt-lor, 
])istilU'rs  Mush  Tubs, — Constr. 
Dilcliint;  Machiiirs, 
Doors  Open, —  Iloldinf^ 
Drain  TiIcs, — IJottoni  Plates  for 
Drain  Tile  Machines, 
Drills,— Rock 

Elevators  for  Storc-liousps, 

Files, — Machines  for  (/utting 
Fire  Arms, — Projectiles  for 

, — Hammers  for  Revol.  C.  11.  Alsop, 

— —  Escafio,  .  O.  I'\  Burton, 

Flasks  for  Casting?  Iron  Columns,  Henry  Dornmick, 


American  Patents 

p.  M.  Belfnn, 
.1.  M.  Brooke, 
1).  V.  I'atterson, 
A.  S.  Ballard, 
Arthur  de  VV'itzlebcn 
•lohn  Parsons,      . 
(lottlicb  (iraessie, 
David  Ralston,     . 

W.  H.  Allen, 

"Wm.  Van  Anden, 
Cranston  &  Bates, 


Flour, — Device  for  Bolting, 
Fodder, — Machine  for  Cutting 
Foot-scrapers,  . 
Fruit  Cans, — Sealing 
Jars, 


Wm.  Ilalderman, 
P.  S.  dinger, 
E.  G.  Burger, 
Cooper  &  Haller, 
J.  C.  Baker, 
Furnaces,  .  D.  T.  Woodrovv, 

, — Feeding  Sawdust  to  Samuel  Kennedy, 

for  Heating  Buildings   W.  H.  Churchman, 

Gas, — Apparatus  for  Compress'g  W.  H.  Gwynne, 

' Burners,  .  A.  G.  Hamaker,  . 

Meters,  .  Nathaniel  Tufts,  Jr., 

■  .  Wilson  &  Fox,    . 

Pipe-cutter,  ,  Wm.  Kenyon, 

Gate,  .  H.  A.  House,       . 

.  D.  E.  Fenn, 

•  Wm.  McAfee, 

Gearing,  .  A.  M.  Street, 

Girders, — Trussed  Compound       J.  A.  Roebling,    . 
Glass  Vessels, — Attach.  Covers  to  R.  D.  Bryce, 

' ^  Reighard  &  Knecht, 


, — Metallic  Covers    John  Bird, 

Auto.  Terrestrial  Time    F.  S.  Barnard, 


Globe, 

Glue, — Machines  for  Cutting 
-Preparation  of 


Gold  Chains,-— Making     . 
— —  Pens, — Rolling 

Washer  and  Amalgamator  J.  C.  Dickey, 


Thomas  Brown,  Jr., 
J.  M.  Hunter, 
Isaac  Lindsley, 
Alexander  Morton, 


Grain  Separators,  . 
Grinding  Grain  and  Apples, 
Grubbing  Machines, 
Guns, —  Cane  . 

Hammers,  . 

Hand-cuff,  * 

Harrows,  . 

Harvesters,  . 


-Auto.  Rakes  for 
-Grain 


N.  A.  Patterson, 
C.  B.  Hutchinson, 
J.  B.  Ash, 
Armenius  Davis, 

Reinhold  Boeklen, 
Wm   H.  Kimball, 
M.  D.  Meriwether, 
George  Farmer, 
J.  H.  Irwin,         . 
F.  H.  Manny, 
W.  S.  Stetson,     . 
I.  C.  Twining, 
Chas.  Marston,    . 
J.H.  Maydole, 
Wm.  Fuzzard,     . 


Harvesting  Machines, 

Hat-bodies, — Forming 

Heating  &  Cooking  Apparatuses  Edward  Conway, 

Rooms, — Device  for  Lewis  Newsom,  . 

Hinges, — Spike  for  .  Henry  Garrett, 

Horse-shoe  Nails, — Machine  for  Amos  Whittemore, 

Houses  Hoofs, — Paring     .  Abraham  Baker, 


Brooklyn, 

U.S. 

N.  Y. 

N. 

14 
7 

.         Fayette  co.. 

Penna. 

21 

Mt.  Pleasant, 

Iowa, 

14 

1,           WaHhin[,'ton, 

D.  C. 

28 

(Jlevclaud, 

Ohio, 

7 

.          Hamihon, 

<t 

14 

Carlisle, 

Penna. 

21 

Brooklyn, 

N.  Y. 

28 

Poughkeepsie, 

<( 

14 

New  London, 

Conn. 

14 

Middletown, 

(< 

7 

.         City  of 

N.  Y. 

7 

ti 

(( 

21 

Freeport, 
Concstoga  Cer 

III. 
1.  Penna. 

7 
14 

Ypsilanti, 

Mich. 

14 

Carlisle, 

Penna. 

7 

•         Mechanicsburg 

,  Ohio, 

14 

Cincinnati, 

(( 

28 

Hibbetts, 

<( 

28 

Janesville, 

Wis. 

14 

City  of 

N.  Y. 

7 

Peoria, 

III. 

7 

Boston, 

Mass. 

14 

Reading, 

Penna. 

21 

Steubenville, 

Ohio, 

14 

Brooklyn, 

N.  Y. 

21 

.         Tallmadge, 

Ohio, 

28 

Summerville, 

Mich, 

21 

Denmark, 

Tenn. 

14 

Trenton, 

N.  J. 

28 

.         E.Birmingham 

,  Penna. 

21 

Birmingham, 

<( 

21 

(( 

(( 

21 

City  of 

N.  Y. 

28 

S.  Danvers, 

Mass. 

7 

City  of 

N.  Y. 

14 

Providence, 

R.  L 

7 

City  of 

N.  Y. 

28 

Saratoga  Spr's, 
Kingston, 

Tenn. 

28 
28 

Auburn, 

N.  Y. 

7 

Elkton, 

Md. 

21 

Shelbyville, 

Ind. 

21 

Brooklyn, 

Augusta, 

Denmark, 

N.  Y. 

Me. 
Tenn. 

28 

7 

28 

Osceola, 

Fla. 

21 

Beardstown, 

III. 

21 

.         Rockford, 

(( 

28 

Baltimore, 

Md. 

14 

Wrightstown, 

Penna. 

14 

Viroqua, 
Eaton, 

Wis. 
N.  Y. 

14 

7 

Charlestown, 

Mass. 

7 

,         Dayton, 

Ohio, 

28 

Gallipolis, 
Richmond, 

Mo. 

21 

7 

Cambridgeport, 

Mass. 

14 

Shenandoah  co. 

,Va. 

7 
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Inserts, — Appa's  fi)r  Dostrnyinj;     Adolpli  IsaacsiM), 
Ink  lKitlU*s. —  Case  Un  Iiidi'liblc     lOdward    Daiiuln, 


Irv)ii  Hujs,  *S:o., —  Jiolliiig 

Joists, —  Machine  for  Dressing 
.lournal  lioxos,        . 

Knitting  Machines, 

Lnm})s, 


LantoiMA, 

liatlio, 

lioathcr-splitting  Mnchines, 

l.ifo-boat, 

Lock, 

I.ocoin.  Engs., — Dispos'g  Sparks  L.  1*.  'j'cod, 

, —  W'ater-lioaler       S.  F.  Allt-n, 

Lubricator,  .  E.,  B.,  &  T.  S.  Parke 

Mancaiioso, — Manu.of  Oxyd  for  C.  T.  Dunlop, 


Ik'rnard  liauth,    . 

J.  H.  Story. 
Montgomery  Queen, 

\\' alter  Aiken, 

George  lilancliard, 
T.  U.  Sn.nh, 
.!.  T.  \\illiani«,  . 
'J\  H.  I)e  Forest, 
D.  1).  Wlntney, 
J.  F.  Flanders, 
8atnuel  Mdls,      . 
Win.  H.  Ciicenwood, 


•VIarkiiit>;  Stock, — Mode  of 
Mattreiss, — Spring 


Meat  and  Vegetable  Chopper, 

Metallic  Alloy  for  Journals, 

Military  Caps, 

Mill, — Criiiding 

, — Sugar-grinding 


John  Merry, 
Herrmann  Jury, 
Whitehead  &  Kettle, 
L.  S.  Chichester, 
George  Sherman, 
J.  S.  Smith, 
Daniel  Read, 
G.J.  Rice, 
James  Shaw, 


Mills,— Gig 

for  Cutting  and  Grinding,    Evarislc  Mire, 

, — Grinding     .  P.  G.  McCulla,    . 

, — Portable,  .  Nelson  Burr, 

, — Quartz         .  J.  C.  Davis, 

, — Sugar  Cane,  .  H.  T.  Douglas, 

Millstones, — Curb  for  0.  L.  Richardson, 

, — Machines  for  Pick'g  John  Kelly, 

■         . Dress'g  S.  K.  Landes, 

Molding  Machine, — Shaping  &    H.  D.  Stover, 
Mop -holder,  .  B.  W.  Bruel,       . 

Nail  Head, — Picture  .  J.  B.  Sargent, 

Plate-feeders,  Wm.  Riley,  Jr.,    . 

Nails, — Cleansing,  &c.,  Galvan.  Wm.  Blake, 

Omnibus  Registers, — Self-Iock'g  Michael  OlHey,    . 


Ores, — De-oiydizing 

Ovens, 

Oxychloride  of  Lead, — Making 

Paddle  Wheels, — Fastening  for 
Paint  Can, 
Paper  Pulp, 


Isaac  Rogers, 
J.  M.  Read, 
Ludwig  Brumlen, 

Ezra  Reid,  . 

E.  A.  Leland, 

F.  De  Coni|)oloro, 


?tock, — Manu.  of  Leather  E.  and  J.  \\.  Cushman, 
Pavements,  &c.,—  Composition     George  Scrimshaw, 
Photographic  Camera,       .  August  Semmendinger, 

Medal,  D.  F.  Maltby,      . 

Piano-forte,  .  Herman  Linderman,  . 

Keys,  C.  J.  Schoencmann, 

Picture  Fs-ames,  &c., — Enamel'g  Robert  Marcher, 
Pipes, — Cleansing  Galvan-  Iron    Wm.  Blake,         . 

, — Construe.  &  Joining  of  T.  S.  Truss,  . 

Planing  Machine,  .  H.  D.  Stover, 

, — Cutter-head  for  rotary  " 

Theodore  Christian, 


City  of 

Sdiiibampton, 

J'iltNburgh, 

Cincinnati, 
Brooklyn, 

Franklin, 

City  of 

Miiri<-ttn, 

York  Borough, 

City  of 

Winchendou, 

Boston, 

City  of 

Galva, 

Wh.  Deer  Mills, 

Chicago, 

Schenectady, 

Glasgow, 
Eldi>rado  co., 
City  of 


Memjihis, 

City  of 

Hamilton, 

Frederick  City, 

Manayunk, 

New  Orleans, 

Philadelphia, 

Batavia, 

San  Francisco, 

Zanesville, 

Athens, 

W^  Milton, 

W.  Cocalico, 

City  of 

Beloit, 

New  Britain, 

Reading, 

Boston, 

Baltimore, 

N.  Haverstraw, 

Boston, 

Hoboken, 

Bazetta, 
Brooklyn, 

Amherst, 
Milesburg, 
City  of 
Waterbury, 
Citv  of 


N.  Y.  21 
MaHH.  7 
IVnna.   tJl 

Ohio.  21 
N.  V.     2K 

N.  H.       7 

N.  Y.  7 
Ohio,  28 
J'enna.  2H 
N.  Y.  7 
Mass.  7 
14 
7 
li 
7 
7 
7 


N.  Y. 
III. 

Penna. 
III. 
N.  Y. 


N.  Brit.    7 

Cal.         U 

N.  Y.      14 

"         28 

"         28 

7 

21 

7 

Md.         14 

Penna.   23 

La.  7 

Penna.    14 


Tenn. 
N.  Y. 


III. 

Cal. 

Ohio, 

Ga. 

Ohio, 


7 

7 

28 

14 

21 


Boston, 
Darlington, 
City  of 


Penna.  21 

N.  Y.  21 

Wis.  14 

Conn.  21 

Penna.  14 

Mass.  21 

Md.  7 

N.  Y.  21 

Mass.  28 

N.  J.  21 

Ohio,  28 

N.  Y.  14 

France,  7 

Mass.  21 

Penna.  21 

N.  Y.  7 

Conn.  14 

N.  Y.  7 

"  7 

14 

Mass.  21 

Engl'd,  21 

N.  Y.  21 

14 

»  28 
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American  Patents, 


PIourIis,  .  J.  P.  Bond, 

.  L.  1).  Hurch, 

.  SiiiiiiM'I  (Janterberry, 

.  J.  !S.  Hall, 

.  A.  Kodon,  . 

.  James  Smith, 

.  P.  H.  Starke, 

.  Uanrrolt  Woodcock, 

. .  W.  E.  Wormell, 

, — Adjustable  Moles  for  I^atlirop  Kazar, 

,— Hillside  Miller  &  Houry, 

Post  Holes, — Maciis.  for  Digging  A.  W.  Porter, 


Presses, 

Press, — Copying     . 

, — Cotton 

Presses, — Printing 


Propeller  for  Canal  Boats, 

■ , — Marine 

Shafts, — Rollers  for 


L.  W.  Harris,      . 

A.  Roden, 

C.  F.  Grabo, 

P.  B.  Wevcr, 

J.  E.  Bricst, 

G.  F.  Hebard  &  others, 

Wells  &  Barth,  . 

Thomas  Hall,  . 

Edward  Backus, 

G.  L.  Carver, 

Daniel  S.  Chase, 


Pruning  Trees, — Instruments  for  D.  P.  Chamberlin, 


Pumps, 


-Chain, 


Quadrants, — Sinecal 
Quilting  Frame,     . 

Eailroad  Car  Springs, 
• Windows, 


—  Cars, — Journal-boxes 

—  Car  Wheels, 

—  Cars, — Stop.  &  Start. 


Switch, — Safety 
Switches, — Operating 


Joseph  Hardey, 
Amos  Coales,  . 

Wm.  Shearer, 

A.  M.  Chisholm, 
J.  L.  Newton, 

G.  L.  Turner, 
Messer  &  Steinbrenner, 
Harvey  Rice, 
Walter  Youmans, 

F.  C.  Kutt, 

J.  H.  Wygant,    . 
H.  N.  Rhodes, 
Simeon  Heywood, 

G.  K  Hyde, 
Alexander  Hay,  . 


Railroads, — Construction  of 

,— Sliding  Switches  for  H.  N.  Rhodes, 

Railway  Bars, — Lock  Joint  for      Aaron  Douglass, 
Rakes,— Horse  .  G.  S.  Kinsey, 

Reaping  Grain  &  Mowing  Grass,  A.  A.  Henderson, 
Reaping  and  Mowing  Machines, 


Refrigerator, 

Rice, — Machine  for  Cleaning 

, — Machines  for  Hulling, 

Rotary  Engines,     . 


Elizabeth  M.  Smith, 
D.  S.  HeflVon, 
James  Van  Valkinburgh, 
C.  B.  Horton, 
H.  E.  Emery, 
Cornelius  Donovan,    . 
B.  A.  Goodell,      . 
P.  B.  Holmes, 


Motion, — Reciprocat'g  to  Elisha  Matteson, 


Rubber, — Devulcanizing  Waste  A.  C.  Richard, 

Sack-fastener,          .  Thomas  Hopkins, 
Sad-iron,                               .  W.  M.  Knight, 
Sails,— Working  Ships  A.  L.  Simpson,   . 
Sausage-filler,                       .  J.  G.  Perry, 
Saw  Blades, — Mach.  for  Grind'g  Henry  Disston,    . 
, — Reciprocating         .  Christian  Germann, 


Greenwood, 
Sheibiiinc, 
Holmes  CO., 
W.  Manchester, 

Talladega, 

Norfolk, 

Richmond, 

Williamsl)urgh, 

Gerniantown, 

Leroy, 

Cincinnati, 

St.  Jolinsville, 

Waterville, 

Talladega, 

Boston, 

Scarborough, 

St.  Louis, 

Buffalo, 

Cincinnati, 

St.  Louis, 

Rochester, 

Brazil, 

Augusta, 

Hudson, 

Moline, 

Marlborough, 

Atlanta, 

Antigonish, 
Black  Brook, 

City  of 

Cleveland, 

Concord, 

Waterford, 

Hackensack, 
<( 

Richmond, 

Claremont, 

Brooklyn, 

Philadelphia, 

Richmond, 

Paterson, 

Reading, 

Huntingdon  co. 

Philadelphia, 

Burlington, 

Utica, 

Binghampton, 

Elmira, 

Lincoln, 

E.  Abingdon, 

Millbury, 

Cincinnati, 

Brooklyn, 

City  of 

Newport, 

Bumilo, 

Durham, 

S.  Kingston, 

Philadelphia, 

Camden, 


S.  C. 
N.  Y. 

Miss. 

Penna. 

t( 

Ga. 

Va. 

<< 

Penna. 
Tcnn. 
Ill 

Ohio, 
N.  Y. 

(4 

Ala. 

Mass. 

Ga. 

Mo. 

N.  Y. 

Ohio, 

Mo. 

N.  Y. 

S.  A. 

Ga. 

Mich. 

III. 

Ohio, 

Ga. 

N.  S. 

N.  Y. 

(( 

Ohio, 
N.  H. 

N.  Y. 

<< 

Vt. 
N.  H. 
N.  Y. 

Penna. 
Vt. 
N.J. 
Penna. 


N.J. 

N.  Y. 


Ohio, 
Mass. 

Ohio, 

N.  Y. 

(( 

Ky. 

N.  Y. 
N.  H. 
R.  L 
Penna. 
Mich. 


14 
14 

14 
14 
14 
28 
14 
21 
21 
28 
14 
21 

7 
28 
21 
U 
21 
28 

7 

7 

7 
21 

7 
14 

7 
21 

7 
21 

28 
28 

21 

14 

7 

7 

21 

7 

28 

28 

28 

21 

28 

21 

28 

14 

14 

7 

7 

21 

28 

7 

7 

14 

28 

28 

21 

21 
28 
28 
28 
21 
21 
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Sa'w-sot, 

JSawinills, — Fopil  Motion  for 

.— Ho;ul  Uloik  for 


AN'tn.  Clnnson, 

K.  (J.    I)>IT, 

J.  W.  'J'ruav, 


Saw  Ttu'th, —  Mach.  lor  Setting     'J\  !S.  and  H.  DIksIoh, 


Saws, — TcMnporinij 

Sawinir  Stont', — Machines  for 

Scallolds,— Tortablo 

Scri'vv  A  Ulcers, — Casting 

Scytlu'  Fasteners, 

Soaniing  Machines, — Double 

Seeding  Machines, 


Seed  IMantcrs, 


Sewing  Macliines, 
Mai  hine  Needles, 


^\'ln.  (Menison, 
A.  M.  Hiirnhain, 
U.  .M.  I-ylle, 
Carl  tSc  Heath, 
C.  ]..  Harrilt,        . 
CI.  K.  Moore, 
James  Alsop, 
Eilward   IJadlam, 
W'ni.  S.  Lawyer, 
M.  II.  Miinsliehl, 
McElroy  <fe  Kinihlc, 
liConard  Harriinan, 
J.  P.  Allen, 
T.  M.(;reen, 
James  McLaughlin, 
J.  R.  Mills, 
\\'.  F.  Schroedcr, 
J.  F.  'I'annchill, 
Miller  Warren,    . 
David  Haskell, 
F.  II.  Drake, 
T.  S.  Brown, 
Wm.  F.  Kublcr, 
Thomas  lioard, 


Ships  Berth, — Oscillating 
Shirt  Stud,  . 

Shoe  (Cleaner.  . 

Pegs, —  Mach.  for  Pointing    S.  G.  Brett, 

Pegging  Machine,  C  A.  Priest, 

Tips, — Cutting  &  Swaging  Bearce  &  Peck, 

Shutters  &  Awnings  for  windows,  Jacob  David, 
Sofa  Bedstead,        .  Tendler  &  Moeshlin, 

Spading  Machines,  .  Stuart  Gwynn, 

Spinning  Frames, — Driv.  Bands  Slade  &  Scranton, 

,— Tubes  for       D.  D.  Allen, 

Spoons, — Mach.  for  Burnishing    H.  M.  Jacobs, 
Springs, — Carriage  .  G.  H.  Laub, 

, — Wagon   .  Nicholas  Jenkins, 

Stalk  and  Root-cutters,      .  Frederick  Fidler, 

Steam, — Method  of  Generating    Stuart  Gwynn,    . 

• Boilers,  .  G.  W.  Rains, 

, — Low-wat.  Alar.  C.  H.  Brown, 

Engines,  .  G.  W.  Van  Deren, 

, — Condensers      B.  F.  Lemmon,  . 

• , — Governors  for  C.  P.  Buckingham, 

R.  W.  Gardner,  . 


-Pistons  for 


-, — Slide  Valves 
-, — Valve  Gear 


Gauges, 


Steering  Apparatus, 

Stop-cocks, 

Stoves, 


Straw-cutters, 
Stump  Extractors, 


H.  D.  Dunbar, 
Robinson  &  Clark, 
L.  P.  Rice, 
Patrick  Kenney, 
Peter  Louis, 
Albert  J.  Allen, 
Nathaniel  Snow, 
H.  A.  Chapin, 
Wm.  F.  George, 
Ma  gee  &  Towne, 
J.  S.  and  M.  Peckham, 
J.  Stuber  and  others, 

D.  B.  Caldwell,  . 

E.  D.  Lady, 
J.  B.  Lyons, 


Mitldh'town, 

N.  Y. 

21 

Hamilton, 

Ohio, 

21 

liichford, 

Vt. 

28 

1,           }*hib\dt'I|)hia, 

P«'nna 

.   28 

Middh'ldwn, 

N.  V. 

21 

M(»ntj»elier, 

Vt. 

21 

'J'riune, 

'JVnn. 

14 

(irenada. 

Mies. 

21 

City  of 

N.  V. 

21 

Pillshurgh, 

l*enna 

.   28 

Clinton, 

III. 

28 

Ogdensburgh, 

N.  Y. 

28 

(iratiof. 

Ohio, 

7 

Ashland, 

ii 

28 

Fox  Lake, 

Wis. 

7 

Anderson, 

Ind. 

21 

Dover, 

Ga. 

14 

Milledgeville, 

>( 

21 

Duncarinon, 

Penna. 

23 

Bloomfield, 

Iowa, 

28 

La  Porte, 

Ind. 

14 

Staunton, 

Va. 

14 

W.Middleburg,Ohio, 

21 

Georgetown, 

Mass. 

28 

Middletown, 

Conn. 

14 

Philadelphia, 

l*enna. 

28 

City  of 

N.  Y. 

7 

Ripley, 

Va. 

28 

Newport, 

N.  H. 

11 

Winslow, 

Me. 

7 

N.  Auburn, 

a 

28 

Citvof 

N.  Y. 

21 

Cambridge, 

Mass. 

28 

City  of 

N.  Y. 

28 

Bennington, 

Vt. 

7 

S.  Adams, 

Mass. 

7 

Hartford, 

Conn. 

14 

Newark, 

Mo. 

14 

City  of 

N.  Y. 

14 

Batavia, 

t( 

28 

City  of 

(( 

7 

Newburg, 

it 

14 

Fitchburgh, 

Mass. 

7 

Big  Flats, 

N.  Y. 

14 

New  Albany, 

Ind. 

7 

Mt.  Vernon, 

Ohio, 

7 

Quincy, 

111. 

14 

Memphis, 

Tenn. 

14 

Bcllaire, 

Ohio, 

14 

Adrian, 

Mich. 

28 

Providence, 

R.  I. 

14 

City  of 

N.  Y. 

28 

BulKilo, 

i< 

14 

Boston, 

Mass. 

14 

,         Springfield, 

if 

21 

Cincinnati, 

Ohio, 

21 

Lawrence, 

Mass. 

14 

1,        Utica, 

N.  Y. 

7 

t( 

(( 

7 

Cincinnati, 

Ohio, 

7 

Nashville, 

Tenn. 

28 

Milion, 

Conn. 

14 

30* 
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Stninp  Extrurtors, 
JSurvryois  Instrument, 

licvi'ling  InstrumcntH, 

Measure, 

S w»>e|)ing  iM  acliinc, — Street 

'J'alfit', — Circiilnr     . 
Turks, —  Applying  Washers  to 
I'anks, — Construction  of  Stone 
Tanning,  —  Compositions  for 

Ap{)ariitus, — Construe. 

Telegraphic  Ap|);)raluscs, 
— Instrunicnts, 


Teh^gra|)hs, — Lightning-arrester 
Tenoning  Frame, 
Thills  to  \'ehicles, — Attaching 
Thrciul, — Dressing  and  Finish'g 


'J'lue.sliing  Machines, — Cylinders 
Tires, — Machine  for  Bending 
'J'ire, — Machine  for  Upsetting 


Tool  Handles, 
Trace-fastener,  , 

Traps, — Animal 
Trap, — Steam  . 

Tree  Protector,       . 
Trunks,  . 

Trusses, — Construct,  of  Hernial 
Turbine  Water  Wheels,    . 

Umbrellas, 

Vinegar, — Manufacture  of 

Washing  Machine, 


A^'^ashstand, — Fountain     . 
M'atches, — Lever  Escapement 
\^'ater  Elevators, 

■ from  Wells, — Delivering 

Wheels, 


"Wheels  for  Vehicles, 

• , — Holder  for  Polishing 

M'illow-peeler, 

AVindow  Shade  Fixture,    . 

Washer,   . 

Wrenches,  • 

Wrench  and  Pincers, 

Vise,  • 

EXTENSIONS. 

Brides, — Truss 

Screws, — Cutting  Wood  « 

- — = , — Wood     . 


Wni.  ^  Daniel  Kimmcl, 

Cambridge  C'y 

,Ind. 

14 

Al.If  Ware, 

Athens, 

Me. 

2S 

Lori-n/.o  Lea, 

Jackson, 

Tenn. 

21 

W.  W.  Paine,       . 

Sheboygan, 

Wis. 

7 

Jacob  Edson, 

Boston, 

Mass. 

14 

J.  F.  Finger, 

Marion, 

S.  C. 

24 

J.  (j.  Howard, 

S.  Braintrcc, 

Mass. 

28 

J..  13.  Darling,      . 

Providence, 

R.  L 

21 

Alexander  Hill,             , 

Duhuque, 

Iowa, 

7 

Dennis  Aldrich, 

St.  Louis, 

Mo. 

21 

li.  Bradley, 

City  of 

N.  Y. 

28 

David  Flannery, 

Jackson, 

Miss. 

21 

E.  F.  Reynolds, 

West  Farms, 

N.  Y. 

21 

D.  F.  S.  Ways,    . 

Baltimore, 

Md. 

7 

Asa  Greenwood,          . 

Toulon, 

III. 

14 

E.  H.  Plant, 

Plantsvillc, 

Conn. 

14 

Hall  &  Merrick, 

W.  Willington 

> 

21 

(( 

(( 

(( 

7 

L.  and  E.  Whitman, 

W^inthrop, 

Me. 

21 

Wm.  Bailey,        . 

London  Grove, 

,  Penna. 

14 

Orlando  Foster, 

Kenosha, 

Wis. 

7 

01  in  stead  &  Walker, 

Victoria, 

III. 

7 

C.  V.  Statler, 

Wataga, 

(t 

7 

J.  G.  Rogers, 

San  Francisco, 

Cal. 

14 

Sylvenus  Walker, 

Boston, 

Mass. 

28 

George  Slusser,  . 

Hillsboro', 

Ohio, 

14 

Nehcmiah  Upham, 

Norwich, 

Conn. 

23 

W.  W.  Taylor,  . 

S.  Dartmouth, 

Mass. 

21 

S.  Bourne,  Jr., 

City  of 

N.  Y. 

7 

L.  B.  White, 

Moscow, 

(( 

21 

Bradford  Stetson, 

Uxbridge, 

Mass. 

14 

J.  P.  Schenkl,      . 

Boston, 

Mass. 

21 

John  Palmer, 

Fort  Scott, 

Kansas 

,    7 

S.  T.  and  David  Adams, 

Medina, 

Ohio, 

21 

J.  S.  Davis, 

Tiffin, 

i( 

14 

Hugunin  &  Whitney, 

Cleveland, 

li 

21 

Solomon  Hunt, 

Danville, 

Ind. 

28 

Patterson  &  Ramsey, 

Kingston, 

Tenn. 

21 

H.  E.  Smith, 

Philadelphia, 

Penna. 

28 

A.  Threlkeld,       . 

Boone  co., 

Ind. 

14 

J.  R.  Ender, 

Trenton, 

La. 

7 

John  Devlin, 

Philadelphia, 

Penna. 

14 

Hiram  Nash,                . 

Maysville, 

Ky. 

7 

James  Dakin, 

Cleveland, 

Ohio, 

21 

John  Blocher, 

Williamsville, 

N.  Y. 

7 

Adolphus  Lind,   . 

San  Francisco, 

Cal. 

7 

H.  G.  Nelson, 

Lockport, 

N.  Y. 

28 

T.  C.  Hendry,     . 

Conyers, 

Ga. 

7 

E.  W.  Nichols, 

Worcester, 

Mass. 

7 

J.  M.  Wood, 

Seneca, 

N.  Y. 

7 

R.  B.  Burchell, 

Brooklyn, 

(( 

7 

John  iMiddleton, 

City  of 

(( 

28 

E.  S.  Scripture, 

(( 

(( 

28 

Ezra  Ripley, 

Troy, 

(< 

14 

Wm.  Russell, 

Stoughton, 

Mass. 

14 

Wm.  Howe,         . 

Springfield, 

Mass. 

28 

T.  W.  Harvey, 

City  of 

N.  Y. 

28 

T.  J.  Sloan, 

Paris, 

France, 

28 
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Churn, 

M.   L.  Hauder, 

("Icvelanil, 

Ohio, 

7 

Lamps, 

All)Urtiis  (ioigor, 

Day  Ion, 

tt 

U 

RE-ISSl'Ka. 

Fire  Arms, — Kovolvinj; 

J.  M.  Conpor, 

Pitlsl)urgli, 

Piiina. 

iil 

riut?s, 

J.  L.  Lowry, 

" 

" 

21 

(iascs, — Appa's  for  Naphlhaliz'g 

E.  H.  Asluioft, 

Poston, 

Mass. 

14 

Hat-botlies, — Mach.  lor  Making 

A.  13.  Taylor,       . 

City  ot" 

N.  V. 

21 

Lamp  8haiIos, 

Chas.  &  A.  C.  Wilhclm, 

I'hiladelpliia, 

Penna. 

21 

81l0t'S, \\'ni1(ltMl-S()l0(l 

Henry  Wight,     . 

Caml)riil;^e, 

Mass. 

7 

Steam  Boilers, — Salety  Apparat. 

Tunothv  ('lark, 

lJe(iroril, 

N.  Y. 

28 

Stoves, 

P.  N.  liurkf, 

liuir.iio. 

n 

21 

\\'atcr  iVom  Wells, — Drawing 

J.  W.  Wheeler, 

Cleveland, 

Ohio, 

21 

DKSIGNS. 

Carpet  Patterns  (3  cases). 

E.  J.  Nov, 

Lowell, 

Mass. 

7 

8     "       . 

H.  G.  'i'hompson, 

City  t)f 

.\.  V. 

7 

Cortins,                     . 

J.  P.  Cunningham, 

Franklin, 

Tenn. 

14 

FKAXKLIX  INSTITUTE. 


Proceedings  of  the  Stated  Monthly  Meeting^  October  19,  18G0. 

John  Agnew,  Vice-President,  in  the  chair. 

Isaac  B.  Garrigues,  llecording  Secretary. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Letters  were  read  from  the  lloyal  Geographical  Society. 

Donations  to  the  Library  were  received  from  the  lloyal  Society, 
the  Royal  Geographical  Society,  the  Statistical  Society,  and  the  Che- 
mical Society,  London  ;  L.  A.  Huguet  Latour,  Esq.,  Montreal,  Cana- 
da ;  AY.  H.  Schock,  Esq.,  U.  S.  Navy,  Baltimore,  Maryland ;  Frede- 
rick Emmerick,  Esq.,  Washington  D.  C;  J.  Disturnell,  Esq.,  Alfred 
W.  Craven,  Esq.,  City  of  New  York;  G.  B.  Prescott,  Esq.,  Boston, 
Mass.;  and  from  Messrs.  A.  L.  Elwyn,  Francis  Wharton,  and  Prof. 
John  F.  Frazer,  Philadelphia. 

The  Periodicals  received  in  exchange  for  the  Journal  of  the  Insti- 
tute, were  laid  on  the  table. 

The  Treasurer's  statement  of  the  receipts  and  payments  for  the 
month  of  September  was  read. 

The  Board  of  Managers  and  Standing  Committees  reported  their 
minutes. 

TAventy  resignations  of  membership  in  the  Institute  were  read  and 
accepted. 

Candidates  for  membership  in  the  Institute  (18)  were  proposed,  and 
the  candidates  proposed  at  the  last  meeting  (9)  duly  elected. 

Mr.  J.  E.  Wootten  exhibited  a  model  of  Andrews  and  Carr's  patent 
Lubricator  for  car  journals  or  other  end  bearings.  It  consists  in  in- 
troducing the  oil  for  lubrication  into  a  chamber  formed  by  boring  a 
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cylindrical  liolo  into  the  end  of  the  axle  of  a  depth  ahout  equal  to  the 
len;j;tli  of  the  journal.  A  yniall  liolo  is  Ijored  from  the  surface  of  the 
journal  to  communicate  witli  the  clianiber,  and  throu^^h  this  orifice  the 
oil  reaches  the  beariniii:.  A  tube  for  containinfj  oil  fills  tbe  chamber. 
Upon  the  insertion  of  this  tube  with  its  charge  of  oil,  the  chamber  is 
closed  by  means  of  an  annular  screw-])lug,  in  which  is  inserted  a  disk 
of  plate  glass,  which  serves  the  admirable  pur|)Ose  of  affording  an 
opportunity  of  ol)serving  at  a  glance  what  quantity  of  oil  the  cham- 
ber contains,  and  when  the  supply  should  be  replenished.  Experi- 
mental tests  which  have  been  made  with  this  lubricator,  show  it  to  be 
very  economical  and  eihcient  in  its  performance. 

A  Seed-planter  and  llorse-rake  combined,  was  presented  to  the 
notice  of  the  members.  It  is  patented  by  Russell  &  Wiley,  of  Ches- 
ter CO.,  Pa.,  and  is  claimed  to  have  the  following  advantages  : — 

1st.  It  can  be  used  as  a  grain  drill,  sowing,  with  much  accuracy, 
wheat  and  oats. 

2d.  With  a  little  alteration,  it  is  changed  to  a  corn  planter,  cither 
checkering  the  grain,  or  sowing  it  in  one  continuous  line. 

3d.  It  can  be  changed  in  a  few  minutes  time  into  a  horse-rake. 

4th.  It  also  has  a  grass-seed  sower  attached. 

The  patentees  say,  that  the  machine  can  be  furnished  at  the  same 
price  as  an  ordinary  grain  drill. 

Mr.  Howson  exhibited  a  specimen  of  Messrs.  Dietrich  and  Bridge's 
Patent  Hose  Protector.  It  consists  of  two  sheets  of  gum  elastic  or 
other  equivalent  flexible  material  fastened  together  at  one  end,  the 
lower  sheet  being  furnished  with  transverse  strips.  When  a  fire  occurs 
in  the  neighborhood  of  streets  having  railways  traversed  by  passenger 
cars,  two  of  these  patent  hose  protectors  are  placed  one  on  one  rail, 
and  the  other  on  the  opposite  rail  of  the  track.  The  upper  sheets  of 
the  protectors  are  then  thrown  back,  the  lower  sheets  placed  beneath 
the  hose,  and  the  upper  sheets  folded  over  the  latter.  The  cars  are 
then  allowed  to  pass  over  the  protectors,  which  serve  to  prevent  the 
wheels  from  injuring  the  hose  or  interrupting  the  flow  of  water  through 
the  same,  the  direct  course  of  the  cars  being  in  no  way  interfered 
with.  These  protectors  have  been  submitted  to  such  practical  tests 
as  fully  prove  their  efficiency. 


BIBLIOGRAPHICAL  NOTICE. 


History,  Theory,  and  Practice  of  the  Electric  Telegraph.  By  Geokge 
B.  Prescott.     Boston  :  Ticknor  k  Fields,  1860. 

The  subject  of  this  well-written  work  is  one  of  great  interest  to  an 
American,  not  only  on  account  of  its  practical  importance,  but  because 
he  may  legitimately  feel  proud  of  the  numerous  and  valuable  improve- 
ments in  it,  which  are  due  to  his  countrymen.  The  work  of  Mr.  Pres- 
cott gives  a  very  good  account  of  the  electric  telegraph.  It  contains 
a  very  full  description  of  the  principal  inventions  in  the  art,  and  these 
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descriptions  arc  concise,  lucid,  and  abundantly  illustrated  by  excellent 
wood-cuts.  There  is  every  evidenci'  of  a  disjxjsition  to  be  fair  toward 
all  inventors,  American  and  forci^rn  ; — so  that  althou;^di  we  think  a  very 
manifest  bias  against  Mr.  Morse  is  shewn,  yet  we  doubt  not,  ii  was 
quite  unintentional  in  the  writer.  If,  however,  he  believes  that  Mr. 
ISIorse  did  not  devise  the  local  eireiiit,  it  would  have  been  more  instruc- 
tive for  us,  if  he  had  shown  us  who  did  and  when.  ]Uit,  after  all,  this 
bias  does  not  prevent  a  very  fair  account  of  what  Morse's  Telegraph 
is,  and  what  Mr.  Morse  claims,  which  is  all  the  j)ublic  generally  want  to 
know.  The  book  is  of  course  exeelleiitly  got  up  by  the  j)ublishers, 
and  will  constitute  a  very  valuable  addition  to  the  libraries  of  those 
who  want  to  know  the  history  and  the  theory  of  the  electric  telegraph. 
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For  the  Journal  of  the  Franklin  Institute. 

The  Meteorology/  of  Philadelphia.  By  James  A.  Kirkpatrick,  A.M. 

September. — The  temperature  of  the  month  of  September  was  a 
little  more  than  two  degrees  below  the  average  temperature  for  the 
last  ten  years,  and  about  half  a  degree  below  the  average  of  Septem- 
ber, 1859.  The  daily  oscillation,  as  well  as  the  mean  daily  range  of 
temperature,  was  greater  than  usual. 

The  warmest  day  was  the  8th,  of  which  the  mean  temperature  was 
80*3°.  The  highest  degree  indicated  by  the  thermometer  was  92°, 
on  the  same  day.  From  two  o'clock  on  the  afternoon  of  the  8th,  till 
the  same  hour  on  the  9th,  the  temperature  fell  24°. 

The  temperature  was  lowest  on  the  night  of  the  29th,  when  the  re- 
gister thermometer  indicated  42°  ;  and  the  next  day,  the  30th,  wa3 
the  coldest  day  of  the  month,  the  average  temperature  of  that  day 
being  48-3°. 

The  pressure  of  the  atmosphere  was  greater  than  usual,  the  aver- 
age height  of  the  barometrical  column  being  thirteen  hundredths  of 
an  inch  higher  than  for  September,  1859,  and  nearly  three  hundredths 
of  an  inch  higher  than  the  average  for  the  last  ten  years. 

The  barometric  column  stood  hijihest  on  the  cveninf:  of  the  30th, 
when  it  indicated  30*ol3  inches,  after  being  reduced  to  the  tempera- 
ture of  32°.  It  was  lowest  on  the  afternoon  of  the  25th,  when  it 
marked  29-597  inches. 

The  force  of  vapor  and  the  relative  humidity  were  again  below  the 


average. 


There  was  but  one  day  of  the  month  on  which  the  sky.  was  com- 
pletely clear  or  free  from  clouds,  and  not  one  on  which  the  sky  was 
entirely  covered  with  clouds  at  the  hours  of  observation. 

Rain  fell  at  Philadelphia  on  seven  days  of  the  month,  to  the  aggre- 
gate depth  of  2*907  inches,  which  is  nearly  an  inch  below  the  average 
for  the  month,  and  five  inches  less  than  the  amount  which  fell  in  Sep- 
tember of  last  year. 
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The  o(jiiinoctlal  storm,  visitcMl  us  in  tlic  sliapc  of  a  lieavy  shower  of 
rain  on  Liu;  niornin"^  of  tlio  20th.  It  commenced  at  lialf  ])ast  one,  and 
ceased  at  lialf  i)ast  six,  during  -which  time  an  inch  and  tliree-quarters 
of  rain  fell.  Several  showers  also  fell  hetween  four  and  half  j)ast  ten 
in  the  evening',  aec()m))ani('d  with  thunder  and  li<rhtnin<r.  No  dama^^c 
whatever  was  sustained  at  J'hiladelphia,  though  the  papers  from  other 
parts  of  the  country  record  the  destruction  of  a  considcrahle  amount 
of  property  hy  wind  and  Hood.  From  the  11th  till  the  14tli,  a  largo 
quantity  of  rain  fell  in  parts  of  New  York  and  New  England.  On 
the  15th,  there  was  a  terrible  storm  in  the  Gulf  of  Mexico,  the  wind 
first  from  the  north-west  and  then  from  the  north,  causing  the  loss  of 
some  very  valuable  merchant  ships.  At  Mobile,  the  water  rose  far 
above  the  wharves  and  above  the  level  of  the  streets,  and  destroyed  a 
great  quantity  of  merchandize.  On  the  evening  of  the  19th,  another 
heavy  rain  storm  commenced,  and  extended  from  the  Hudson  River 
to  beyond  Lancaster,  Pa. 

The  first  appearance  of  hoar  frost  observed  this  season,  was  on  the 
morning  of  the  28th. 

The  winds  during  the  month,  as  will  be  seen  by  the  following  table 
of  comparisons,  were  more  southerly  than  usual. 

A  Comparison  of  some  of  the  Meteorological  riienomena  of  Sepfemher,  I860,  with  those 
of  September,  1859,  and  of  the  same  month  for  ten  years,  at  rhiladelphia. 


Sept.,  1860. 

Sept.,  1859. 

Sept.,  lOyears. 

Thermometer. — Highest, 

92° 

82° 

95° 

"                 Lowest, 

42 

45-5 

39 

"                 Daily  oscillation, 

18-20 

18-10 

17-00 

"                 Mean  daily  range, 

5-20 

4-10 

4-80 

"                 Means  at  7  A.  M., 

60-28 

61-02 

62-58 

2  P.  M., 

73-17 

72-88 

74-91 

«*                        "         9  P.  M., 

64-02 

64-65 

66-63 

"                        "  for  the  month, 

65-82 

66-18 

68-04 

Barometer. — Highest, 

30-313  in. 

30-179  in. 

30-430  in. 

"            Lowest, 

29-597 

29-338 

29-338 

"            Mean  daily  range,     . 

•143 

•119 

•121 

"            Means  at  7  A.  M., 

30-003 

29-875 

29-985 

2  P.  M.,     . 

29-965 

29-835 

29  943 

9  P.  M., 

29-998 

29-863 

29-961 

"                     "  for  the  month. 

29-989 

29-858 

29-963 

Force  of  Vapor. — Means  at  7  A.  M., 

•425  in. 

•438  in. 

•474  in. 

"             "                 "         2  P.  M., 

•437 

•462 

•494 

"             "                 "        9  P.  M., 

•455 

•472 

•515 

Relative  Humidity. — Means  at  7  A.  M., 

77  per  ct. 

79  per  ct. 

79  per  ct. 

"            2  P.  M., 

50 

59 

55 

"                "                 "             9  P.  M., 

72 

76 

74 

Rain,  amount  in  inches, 

2-907 

7^779 

3-747 

Number  of  days  on  which  rain  fell,  . 

7 

11 

8 

Prevailing  winds. 

s.74°26V-397 

N.70°38'w-236 

s.8S°22V-220 
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For  the  Journal  of  the  Franklin  Institute. 


Report  on  the  Condition  of  the  Niagara  Railway  Suspension  Bridge, 
1860.     By  John  A.  Roebling,  Civ.  Eng. 

To  the  Presidents   and  Directors  of  the  Niagara  Falls   Suspension,  and  Niagara  Falls 
International  Bridge  Companies. 

Gentlemen  : — After  an  absence  of  two  years,  I  have  again  visited 
the  Niagara  Railway  Suspension  Bridge,  and  have,  during  a  stay  of 
three  days,  on  the  18th,  19th,  and  20th  of  July,  made  a  thorough  ex- 
amination of  the  work.     I  now  present  to  you  the  following  report : 

The  Niagara  Bridge  was  opened  for  railway  traffic  on  the  18th  of 
March,  1855 ;  the  lower  floor  for  common  travel  was  completed  and 
in  use  the  year  previous.  The  number  of  trains  and  trips  of  single 
engines,  which  at  the  present  time  pass  over  the  Bridge  in  twenty-four 
hours,  averages  about  forty-five.  This  great  traffic  accounts  for  the 
rapid  wear  of  the  rails,  many  of  which  require  renewal. 

After  a  thorough  examination  of  all  parts  of  the  work,  I  am  un- 
able to  report  any  change. 

The  camber  of  the  floors  and  the  deflection  of  the  cables,  as  you 
well  know,  depend  upon  the  temperature  of  the  atmosphere.  The 
relative  level  of  the  floors  is  the  same  as  it  was  in  1855. 

In  order  to  be  better  enabled  to  judge  whether  the  stiffness  of  the 
superstructure  has  been  impaired  by  a  five  years  traffic,  I  placed  a 
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leveling  instrumeiit  l)Otwcen   the  towers  on  tlie  New  York  side,  and 
observed  the  proeess  ol'  gradual  delleetion  eaused  Ijy  five  trains. 

A  train,  rotnpopod  of  the  niginc  "Essex,"  .'iiid  tcridcr,  of  35  tons  weight, 

(Irawiiify  10  empty  ears,  produced  a  (Itlh'ciion  in  the  centre  of  0-'lG2  feel. 

A  small   engine,  drawing  2  loaded    passenger  cars,  1  baggage  car,  :ind  1 

loaded  cattle  car,  ....  O'olO  " 
Another  light  engine,  with  5  loaded  passenger  cars,  and  I  baggage  car,  0-520  •' 
'J'he  engine  "Essex,"  and  tender  alone,  ,  .  0-;J15    •* 

The  same  engine  retnrning  with  8  loaded  cattle  cars,  eacli  holding  17  to 

18  cattle  of  the  largest  size,  ,  .  .     0'789    " 

A  short  but  heavy  train,  such  as  the  last,  when  in  the  centre  of  the 
Bridge  between  tlie  stays,  produces  the  greatest  deflection  compara- 
tively. A  longer  train,  loaded  at  the  same  rate,  and  extending  over 
the  limits  of  the  stays,  deflects  the  work  but  little  more.  In  propor- 
tion, as  the  ends  of  the  floor  are  weighed  down,  the  centre  is  kept 
np.  By  comparing  the  above  observations  with  those  of  1855,  we 
discover  no  essential  diff'erence.  The  great  experimental  train,  which 
covered  the  whole  Bridge  with  loaded  cars,  propelled  by  two  engines, 
produced  a  deflection  of  ten  inches.  A  similar  train  passed  over  now 
will  do  the  same. 

The  extreme  rise  and  fall  of  the  floor,  owing  to  the  contraction  and 
expansion  of  the  cables,  amounts  to  more  than  two  feet.  But  the 
cables  being  at  liberty  to  contract  and  expand,  this  process  can  never 
afi*ect  their  strength. 

In  my  report  of  1855  I  stated  the  aggregate  ultimate  strength  of  the  4 

suspension  cables  at            .                           .                           .  12,000  tons. 

Permanent  weight,  supported  by  cables,                             .                           .  1,000    " 

Tension  resulting,                         '  .                           .                           .  1,810    " 

Proportion  of  permanent  tension  to  strength,                   .  1  :  6-63 

Tension  produced  by  a  train  of  250  tons,             .                           .  452    " 

Aggregate  tension,              ....  2,262    *' 

Proportion  of  working  tension  to  strength,          .                          .  1  :  5-30 

This  liberal  allowance  of  strength  and  freedom  from  vibration  will 
insure  the  durability  of  the  cables. 

The  question  has  been  repeatedly  asked,  why  trains  are  not  allowed 
to  pass  over  this  Bridge  at  a  higher  rate  of  speed  than  five  miles  an 
hour  ?  This  limitation  is  looked  upon  as  a  sign  of  tacitly  acknow- 
ledged weakness,  and  has  been  frequently  referred  to  as  a  strong  ar- 
gument against  suspension  bridges  for  railway  purposes. 

This  matter  I  discussed  in  my  report  of  1855,  but  I  will  explain 
again  and  more  fully.  The  first  great  object  of  this  limitation  of 
speed  is  safety.  Although  it  may  look  somewhat  timid  in  this  fast- 
going  age,  to  see  freight  trains  move  at  the  rate  of  five  miles  per  hour, 
and  passenger  trains  at  even  a  less  rate,  yet  when  it  is  considered 
that  this  slow  speed  insures  absolute  safety^  no  matter  what  accident 
may  happen  to  a  train — the  traveling  community  ought  to  be  satisfied 
with  this  cautious  arrangement.  What  would  be  gained  by  a  higher 
speed  ?  Nothing  whatever.  The  Bridge  forms  a  link  between  two 
termini,  and  there  is  always  time  to  make  connections.  Passengers 
will  prefer  to  cross  at  a  slow  rate  in  order  to  enjoy  the  splendid  scene- 
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ry  (luring  llio  ])assa;re.  The  track  is  so  constnictod  as  to  form  a  trou;^li 
of  three  feet  deptli  between  tlie  <];ir(lers,  into  wliicli  a  ear  or  locomotive 
\\\\\  inst:ii\tly  drop,  tlie  moment  it  breaks  down  or  leaves  the  track — 
provideil  tliere  is  no  <;reat  iieadway.  Should  sueli  an  accident  happen 
to  a  train,  the  broken-down  car,  enrriiu*,  or  track,  will  act  as  a  power- 
ful brake,  and  will  check  its  motion.  AVhen  ))lanninf]j  the  work,  ab- 
solute safety  was  made  the  first  condition,  and  the  track  has  been 
constructed  accordinirly.  I  would  also  remark  in  this  connexion,  that 
any  further  addition  of  fender-pieces  to  the  track,  as  an  additional 
means  of  safety,  as  has  been  proposed  of  late,  would  only  prove  an 
unnecessary  incumbrance. 

A  greater  speed  than  live  miles  per  hour  for  ])assenp;er  trains  should 
never  be  permitted  for  the  reasons  stated.  ]3ut  should  a  mucli  heavier 
freight  business  have  to  be  accommodated  in  the  future,  the  speed  of 
freight  trains  may  be  increased  without  injury  to  the  work.  All  that 
will  be  necessary  is,  to  keep  the  track  in  ])erfect  order,  and  to  main- 
tain a  continuous  bearing  at  the  rail  joints  to  prevent  concussions.  I 
will  further  state  here,  that  by  an  additional  expenditure  of  $20,000, 
the  stiffness  of  the  Bridge  may  be  so  far  increased  as  to  admit  of  the 
highest  practicable  speed  of  freight  trains,  without  producin"*  the 
slightest  injurious  cftect  upon  the  structure.  I  make  this  statement 
deliberately  for  the  information  of  those  professional  and  unprofes- 
sional opponents  to  suspension  railway  bridges,  who  have  made  it  their 
business  to  cast  doubts  upon  the  permanency  of  this  work.  I  also 
expect  to  demonstrate  this  when  resuming  the  works  on  the  Kentucky 
River  Bridge,  on  the  Lexington  and  Danville  llailroad,  which,  when 
completed,  will  form  a  single  span  of  122i  feet  from  centre  to  centre 
of  towers,  over  a  chasm  of  300  feet  deep. 

The  wood-work  of  the  Niagara  Bridge,  being  kept  well  painted, 
and  otherw^ise  well  protected,  will  last  forty  years  and  more.  The  old 
wooden  St.  Clair  Bridge,  at  Pittsburgh,  Penna.,  which  I  removed  to 
make  room  for  a  new  suspension  bridge,  recently  completed,  has  stood 
exactly  forty  years.  All  its  principal  timbers  of  pine  and  oak,  on 
removal,  were  found  good  and  sound.  A  portion  of  this  material, 
after  being  well  tarred,  has  gone  into  the  new  suspension  floor,  and 
will  no  doubt  render  good  service  for  another  forty  years. 

My  views  of  the  durability  of  the  cables  have  undergone  no  change 
since  1855 ;  they  have  only  been  strengthened  by  additional  experi- 
ence. This  being  a  subject  of  great  importance  and  of  general  inter- 
est, I  embrace  this  opportunity  to  express  myself  more  fully,  and  thus 
perhaps  to  contribute  tow^ards  a  better  understanding  of  the  nature 
of  iron. 

The  fact  is  well  known,  that  wrought  iron  under  certain  conditions 
will  undergo  certain  radical  changes.  And  so  will  all  kinds  of  mat- 
ter. The  material  universe  is  not  by  any  means  constituted  upon  the 
principle  of  immutahilitij.  Material  existence  is  but  a  theatre  of 
change,  of  breaking  down,  of  reduction,  and  of  reconstruction  of  the 
elements  of  matter.  The  Egyptian  pyramids  are  even  now  undergo- 
ing a  slow  process  of  disintegration.    The  dry  air  of  that  region,  slow 
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in  action,  is  still  sure  to  do  its  appointed  "vvork.  And  as  all  human 
fabrics,  l)oin<:j  but  material  constructions,  Avill  have  to  succumb  to  the 
same  inexorable  law,  we  cannot  exj)ect  tliat  tlie  Niagara  Bridge  will 
form  an  exception. 

Two  kinds  of  changes  are  known,  which  will  affect  the  strength  of 
iron  and  other  metals.  Tlie  one  is  wrouglit  l^y  tlic  chemical  process 
of  oxidation,  and  can  be  guarded  against  eilectually,  and  is  so  guarded 
in  the  Niagara  Bridge.  All  iron  and  wire  within  reach,  are  kept  well 
])ainted,  and  thus  preserved  against  rust.  The  anchor  chains  and  their 
connexions  with  the  cables,  inside  of  the  anchor  masonry  and  in  the 
rock  below,  after  three  coats  of  paint,  are  protected  by  the  cement 
grout,  which  forms  a  solid  envelope,  excluding  air  and  moisture. 

But  aside  from  the  mechanical  protection  thus  afforded,  I  depend 
principally,  as  was  explained  in  my  report  of  1855,  upon  the  well- 
known  chemical  action  of  calcareous  cements  in  contact  with  iron. 
Ox^^gen  has  a  greater  affinity  for  lime  than  for  iron.  So  long,  there- 
fore, as  the  cement  will  combine  with  ox3^gen,  or,  in  other  words,  has 
iiot  become  completely  crystallized,  which  is  a  very  slow  process  in- 
side of  heavy  masonry,  the  iron  'vvill  be  protected.  The  cement,  not 
exposed  to  the  air,  when  setting  slowly,  has  a  tendency  rather  to  ex- 
joand  than  to  contract;  but  suppose  there  should  be  cracks  around  the 
anchor  bars,  large  enough  to  admit  air  and  moisture.  Water  will  then 
find  its  way  through  those  cracks,  but  on  reaching  the  iron,  will  be 
more  or  less  impregnated  with  cement,  and  thus  add  another  protect- 
ing coat.  The  chemical  principle,  which  I  have  explained  here,  I 
apply  daily  in  my  factory  for  the  preservation  of  wire  against  damp- 
ness. I  have  also  carried  on  direct  experiments  for  a  number  of 
years,  which  have  convinced  me  of  the  preserving  property  of  calca- 
reous cements  in  damp  situations. 

On  examining  recently  the  anchor  bars  of  the  Monongahela  Sus- 
pension Bridge  at  Pittsburgh,  built  six.teen  years  ago,  I  found  them 
perfectly  preserved,  as  far  as  the  cement,  in  which  they  are  embedded, 
■^'as  removed.  To  satisfy  yourself  on  this  subject,  I  shall  propose  in 
a  few  years  more,  to  remove  the  anchor  blocks  and  to  examine  the 
upper  links  of  the  anchor  chains  of  the  Niagara  Bridge.  It  should  be 
remembered,  that  good  cement  grout,  when  not  disturbed  by  any  me- 
chanical action  or  by  a  current  of  w^ater,  "will  set  perfectly  solid,  and 
■will  become  as  hard  as  sand  stone  in  course  of  time,  and  without 
shrinking.  The  anchor  chains  of  the  Niagara  Bridge  are,  in  my  opi- 
nion, effectually  guarded  against  oxidation. 

But  iron  under  certain  conditions  will  undergo  another  change, 
"which  is  not  so  well  understood,  and  is  indeed  as  yet  a  partial  mystery. 
And  this  fact  has  been  seized  upon  as  an  invincible  argument  against 
iron  bridges  generally,  and  against  the  Niagara  Bridge  especially.  I 
refer  to  the  supposed  and  popularly  so-called  granulation  of  fibrous 
wrought  iron. 

Although  this  subject  has  engaged  my  attention  for  a  series  of 
years,  and  I  have  taken  pains  to  obtain  correct  information,  I  yet  he- 
sitate to  express  any  decided  opinions,  that  would  cover  the  whole 
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field  of  investigation.  The  question  at  lar^c  I  consider  open  yet.  Tliia 
iinu'li  only  I  helieve  to  ])e  settled,  that  good  iron  will  undergo  no  change 
in  course  ot"  time,  unless  it  is  acted  on  by  great  hcnt,  or  is  under  the 
influence  of  strong  continuous  vibrations  under  tension. 

As  an  exception  to  this  last  ])roposition,  may  be  cited  tlic  case  of 
old  anchors  and  chains,  Avhich,  after  being  exposed  on  the  groun<l  or 
in  the  izronnd,  a  ;rreat  lenixth  of  time,  had  become  considcrablv  rusted 
and  reduced  in  strength.  Aside  from  rusting,  magnetic  inlluenccs 
"wore  supposed  to  have  been  at  work  in  destroying  the  strengtii  of 
these  irons.  J^ut  it  should  be  remarked,  that  none  of  these  cases  have 
been  suflieiently  well  examined  to  warrant  sound  conclusions.  It  is 
true  that  the  earth  forms  a  <:reat  manjnet,  whose  ma<jnetism  is  main- 
taine<l  bv  the  sun  ;  and  tiiat  the  manruetic  condition  of  all  metals  is 
more  or  less  depending  upon  the  great  parent  magnet.  A  steel  mag- 
net that  has  lost  its  power  or  tension,  when  buried  in  the  earth,  "will 
be  restored  by  its  magnetic  currents.  Jbit  how  far  the  cohesion  and 
elasticity  of  wrought  iron  may  be  affected  by  these  currents,  we  are 
vet  iirnorant  of.  When  a  bar  of  iron  is  drawn  apart  bv  a  tensile 
Strain,  the  fractured  ends  arc  magnetically  excited,  and  will  attract 
iron  filings,  at  the  same  time  that  they  become  heated.  Both  pheno- 
mena, magnetism  as  well  as  heat,  will  always  accompany  the  forcible 
rupture  of  iron,  as  can  be  readily  ascertained  by  experiment.  The 
same  phenomena  are  also  exhibited  when  iron  is  hammered  cold,  the 
heat  in  this  case  being  more  apparent  than  the  magnetism. 

The  cohesion  and  elasticity  of  wrought  iron,  although  different  pro- 
perties, appear  to  be  closely  related.  In  speaking  of  elasticit}^,  I 
mean  the  natural  elasticity,  and  not  what  is  produced  by  the  forced 
process  of  tempering.  And  here  may  be  pointed  out  a  marked  phy- 
sical difference  between  steel  and  iron.  AVhile  the  hardening  or  tem- 
pering of  steel  can  be  carried  to  almost  any  degree,  that  of  the  latter 
can  not. 

Whatever  destroys  or  impairs  the  elasticity  of  iron  or  steel,  will 
also  affect  its  cohesion.  And  this  fact  has  also  a  significant  magnetic 
bearing.  Tempered  or  hardened  steel  possesses  more  tensile  strength 
than  soft  steel.  Now  when  tempered  steel  loses  its  hardness  by  an- 
nealing, it  assimilates  nearer  to  soft  iron  in  its  relation  to  magnetism. 
Red-hot  iron  is  not  attracted  by  a  magnet,  while  a  steel  magnet  en- 
tirely loses  its  magnetic  properties  on  being  heated  red  hot.  Another 
remarkable  fact  is,  that  artificial  as  well  as  natural  magnets,  when 
overloaded,  become  weakened.  And  so  does  the  cohesion  and  elasti- 
city of  an  iron  or  steel  bar  become  weakened  by  overloading. 

The  limit  of  elasticity,  or  of  the  recuperating  force,  as  it  might  be 
termed,  of  iron  and  steel  is  generally  stated  at  one-third  of  their  ulti- 
mate strength.  I  am  of  the  opinion  that  this  is  much  over-estimated 
for  soft  puddled  irons,  and  w»cZ£^?*-estimated  for  good  hammered  char- 
coal irons,  and  still  more  for  steel. 

The  force  which  holds  together  the  molecules  of  iron,  is  termed 
cohesion.  Heat  will  expand  iron,  and  when  applied  intensely  and 
continuously,  will  melt  it;  and  will  thus   destroy  all   cohesion,  and  at 

31» 


3G6  Civil  Engineering, 

the  same  time  all  elasticity  and  all  maf];netic  tension.  It  follows,  tlien, 
that  heat  of  a  certain  decree  is  opposed  to  cohesion  and  elasticity. 
And  this  exj)lains  uhy  lar^e  masses  of  wrou<^ht  iron,  Avhen  bein;^  for^^^cd, 
and  thus  subjected  for  a  considerable  length  of  time  to  an  annealing 
process,  will,  ill  the  centre,  become  greatly  reduced  in  cohesion  and 
elasticity.  The  ])rcvi()usly  existing  fibre  iu  the  faggots  "svill  change 
into  a  coarse  crystalline  texture,  because  the  iron  being  in  a  pasty  and 
nearly  molten  state,  and  the  mechanical  effect  of  hammering  being 
confined  to  the  surface,  and  not  penetrating  to  the  centre,  the  forma- 
tion of  large  cr3^stals  will  be  left  undisturbed.  ]3roken  car-axles 
sometimes  appear  to  have  undergone  a  similar  change.  Tbe  fact  is, 
that  they  generally  exhibit  a  crystalline  fracture.  But  I  suspect  that 
many  new  axles,  although  manufactured  out  of  fibrous  rough-bar,  will, 
wdien  finished  and  broken  hefore  they  arc  used,  also  exhibit  a  crystal- 
line fracture.  In  my  own  practice  I  have  witnessed  the  fact,  that  an 
experienced  manufacturer,  anxious  to  satisfy  me,  did  not  succeed  in 
manufacturing  round  bolt  of  four  to  five  inches  diameter  out  of  good 
fibrous  rough-bar,  without  producing  a  crystalline  texture  in  the  cen- 
tre. The  oftener  he  piled  the  iron,  the  worse  the  result.  On  the  other 
hand,  I  never  heard  of  a  failure  when  the  bolt  w^as  forged  entire  un- 
der the  hammer,  out  of  good  and  well  worked  and  thoroughly  ham- 
mered charcoal  blooms,  their  rough  ends  cut  off. 

The  most  fibrous  bar  iron  may  be  broken  so  as  to  present  a  granular 
and  somewhat  crystalline  fracture,  and  this  without  undergoing  any 
molecular  change  in  the  texture.  Take  a  fibrous  bar,  say  ten  feet 
long,  but  the  longer  the  better,  nip  it  in  the  centre  all  around  with  a 
cold  chisel,  then  poise  the  bar  upon  the  short  edge  of  a  large  anvil, 
and  a  short  piece  of  iron,  placed  eight  or  nine  inches  from  the  edge 
on  the  face  of  the  anvil,  th'cn  strike  a  few  heavy  blows  upon  the  nip, 
so  that  each  blow  will  cause  the  bar  to  rebound,  and  to  vibrate  in- 
tensely, and  the  result  v^ill  be  a  granular  and  somewhat  crystalline 
fracture.  Now  take  up  the  two  halves,  and  nip  them  again  all  around, 
about  one  or  two  inches  off  the  fractured  ends,  break  them  off  by  easy 
blows  over  the  round  edge  of  the  anvil,  and  the  fibre  will  appear  again. 
This  experiment  proves  that  a  break,  caused  by  sudden  jars  and  in- 
tense vibration,  may  show  a  granular  and  even  crystalline  fracture, 
without  having  changed  the  molecular  arrangement  of  the  iron.  All 
fibres  are  composed  of  mineral  crystals,  drawn  out  and  elongated  or 
flattened ;  and  the  fracture  may  be  produced  so  as  to  exhibit  in  the 
same  bar,  and  within  the  same  inch  of  bar,  either  more  fibre  or  more 
crystal.  But  a  coarse  crystalline  bar  will,  under  no  circumstances, 
exhibit  fibre ;  nor  will  a  well  worked  out  fibre  exhibit  coarse  crystals. 

My  own  view  of  this  matter  is,  that  a  molecular  change,  or  so  called 
granulation  or  crystallization.,  in  consequence  of  vibration  or  tension, 
or  both  combined,  has  in  no  instance  been  satisfactorily  proved  or  de- 
monstrated by  experiments. 

I  further  insist  that  crystallization  in  iron  or  any  other  metal  can 
never  take  place  in  a  cold  state.  To  form  crystals  at  all,  the  metal 
must  be  in  a  highly  heated  or  nearly  a  molten  state. 
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On  the  otlicr  liaiul,  1  am  Avltnossing  the  fact  daily,  tliat  vibration 
ami  lension  comljiiu'd  \\'\\\  greatly  aflcct  the  strength  of  iron  tvitliout 
changing  its  fibrons  texture.  Tiie  eohesion  and  elasticity  of  'Nvire  and 
"wire  ro})e  will  he  rapidly  destroyed  hy  great  tension  and  vibration  eoni- 
hined.  Whether  I  shall  be  able  to  account  for  it  or  not,  there  stands 
the  fact.  But  Avhat  is  true  of  iron  wire  applies  with  c(iual  force,  and, 
"svhcn  all  circumstances  and  conditions  are  duly  pro])ortioned,  with  even 
greater  force,  to  larger  masses.  The  extensive  opportunities  which 
my  pursuits  oft'er,  to  make  experiments  and  observations  on  wire  and 
wire  rope,  authorize  a  |)ositive  expression  on  this  subject.  A  great 
deal  of  fancy  speculation  has  been  indulged  in  of  late  years  on  this 
(|uestion  of  granulation  and  crystallization,  but  generally  by  men 
whose  opinion  can  have  no  weight. 

Now,  while  the  fact  remains  that  Iron  and  steel  will  lose  their 
strength  by  vibration  and  tension,  it  is  proper  to  state,  also,  in  this 
connexion,  that  this  loss  of  strength  bears  a  due  proportion  to  the  ex- 
tent and  duration  of  the  vibration  and  tension.  Wire  ropes  may  lose 
their  strength  by  three  months  service,  without  exhi)>iting  much  wear; 
and  they  may  also  last  ten  years,  running  all  the  time,  and  be  greatly 
worn,  before  their  strength  is  so  far  reduced  as  to  be  uniit  to  do  duty. 
I  wmU  state  here,  that  there  are  now  ropes  of  my  manufacture  on  the 
inclines  of  the  Morris  Canal,  which  have  run  nine  years.  This  great 
durability  is  owing  to  comparative  absence  of  vibration,  in  conseciuence 
of  slow  speed  and  good  machinery,  although  a  high  tension  is  main- 
tained. 

The  greater  the  elasticity  and  cohesion  of  the  iron  or  steel,  tlie  bet- 
ter it  will  support  vibration  and  tension,  always  provided,  that  the 
extent  of  this  vibration  and  the  amount  of  tension  are  kept  Avithiii 
safe  limits.  Witness,  as  examples,  the  durability  of  watch-springs, 
piano  wire,  sofa  and  w^agon  springs,  &c.,  &c.,  kc. 

Wrought  iron  that  has   become   brittle,  as,  for  instance,  chain,  car 
axles,  wire  or  wire  rope,  on  being  annealed,  will  have  its  softness  and 
apparently,  also,  its  strength  restored.     As  far  as  softness   is   con- 
cerned, this  is  correct ;  but  in  regard  to   strength,  when   applied  to 
wire  or  wire  rope  or  to  fine  chains,  it  is  a  mistake.    Soft  annealed  wire 
possesses  only  half  the  strength  which  hard  wire  has,  and  is  without 
any  elasticity.     But  wire  rope  without  elasticity  is  worthless ;  very 
little  work  will  make  it  brittle  again  and  worse  than  before.    It  is  dif- 
ferent with   heavy  chains   and  with   car   axles.     ^lade  of  indifierent 
material,  crystalline  or  brittle  when  new,  they  will  be  greatly  improved 
by  an  annealing  process  at  the  very  beginning ;  and  if  this  process  is 
repeated  from  time  to  time,  their  lifetime  may  be  prolonged.    I  main- 
tain that  a  good  car-axle,  made  of  good  material,  and  finished  at  the 
proper  heat,  by  hammering  or  rolling,  is  stiifer  and  stronger  than  the 
same  axle,  when  again  subjected  to  annealing  without  hammering  or 
rolling.     Annealing   restores   softness,  but  at  the  same  time  reduces 
cohesion  and  elasticity.   To  restore  the  iron  of  a  brittle  car  axle  fully, 
can  only  be  done  by  a  full  heat,  with  hammering  or  rolling,  which  of 
course  will  reduce  its  diameter. 
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The  opinion  prevails,  tlint  a  "wc]!  drawn-out  filirc  is  llic  only  sure 
si«j;n  of  tensile  strenL!;fli.  'i'liis,  however,  is  tvno  only  when  applied  to 
ordinarjf  qualities  of  har  oi*  rail  iron.  The  faet  is  dilferent  with  good 
chareoiil  irons  and  with  steel.  The  greatest  cohesion  is  iieeoni]);inied 
])y  a  line,  close-grained,  uniform  apfx-arance  of  texture,  wdiich,  under 
a  magnifying  glass,  exhihits  \\\)yv..  'V\\q  color  is  a  silvery  lustre,  free 
from  dark  specks.  The  fin(!r  and  more  close-grained  the  texture,  the 
nearer  the  iron  approiiches  to  steel.  Those  who  are  faniiliar  with  good 
Swedish  or  Norway  irons,  will  support  the.^e  statements.  These  facts 
alone  should  he  sufficient  to  disprove  the  erroneous  notion  that  good 
iron  and  steel,  which  should  always  he  granular,  will  hocome  so  oidy 
by  vibration,  and  Avill  thereby  lose  their  strength.  But  it  is  important 
to  keep  in  mind  the  distinction  between  a  fine  uniform  granular  frac- 
ture, and  a  coarse  crystalline  fracture.  Where  coarse  crystallization 
appears,  there  is  a  want  of  contact  and  compactness,  conse({uently  of 
cohesion  and  strength  generally. 

Wire  cables,  car  axles,  piston  rods,  connecting  rods,  and  all  such 
pieces  of  machinery,  Avhicli  are  exposed  to  great  tension  as  well  as 
torsion  and  vibration,  should  be  manufactured  of  iron  which  not  only 
possesses  great  cohesion,  but  also  a  high  degree  of  hardness  and  elas- 
ticity. The  best  car  axles  now  in  use,  are  those  made  of  soft  steel 
by  Krupf,  in  Germany.  This  steel  is  manufactured  from  the  spathic 
ore  or  nattlral  steel  ore,  of  the  celebrated  mines  at  Muessen  in  Siegen, 
Prussia.  A  correct  report  on  these  axles  was  given  to  me  by  one  of 
the  Prussian  Commissioners  of  Railways,  in  whose  district  Krupf 's 
works  are  located.  They  are  safe  in  cold  weather  and  seldom  known 
to  break.  This  proves  that  soft  steel  with  more  of  a  granular  texture 
than  fibre,  possesses  a  much  greater  elasticity  and  strength  than  the 
best  fibrous  iron ;  and  it  also  furnishes  another  strong  proof  against 
the  granulation  theory,  so  much  credited  in  this  country. 

It  may  be  objected  that  steel  is  a  different  metal  from  iron.  But 
all  irons  and  steels  are  only  so  many  different  alloys  of  the  same  metal. 
There  is  no  essential  difference  between  the  two.  What  constitutes 
the  true  chemical  and  physical  difference  between  the  two  varieties,  is 
not  so  clear.  The  old  idea,  that  steel  owes  its  distinguishing  proper- 
ties to  a  greater  per  centage  of  carbon  alone,  is  no  longer  maintained. 
There  are  not  two  metallurgists  who  agree  as  to  the  proper  per  cent- 
age  of  carbon  that  good  steel  ought  to  contain.  The  ablest  chemists 
who  have  anal3^zed  iron  and  steel,  from  Karsten  and  Berzelius  down 
to  the  present  day,  have  not  been  able  to  give  us  a  correct  analysis 
of  these  two  metals.  Mr.  Mushet,  Jr.,  has  recently  shown  that  the 
excellence  of  steel  is  depending  upon  the  presence  of  Titanium,  a  sub- 
stance formerly  overlooked.  But  so  long  as  the  chemistry  of  iron  and 
of  steel  is  still  Avithout  a  sure  basis,  we  must  fall  back  upon  well  dis- 
cerned empyrical  facts. 

The  capacity  of  irons  to  resist  vibration  and  tension  differs  much  in 
different  qualities,  and  still  greater  is  this  difference  wdien  the  irons  are 
exposed  to  a  very  cold  temperature.  The  tubular  bridge  at  Montreal 
■will  not  last  as  long  as  one  in  Great  Britiau  of  the  same  dimensions, 
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material,  and  workinansliip,  and  rendering;  the  same  service  ;  and  still 
less  tlian  the  tubes  over  tlie  Nile,  in  Kgypt.  One  hard  winter  in  Cana- 
da will  be  as  tryin<5  to  the  structure  as  ten  years  are  in  (Jreat  Jiritain. 

In  order  to  examine  the  fitness  of  various  (jualities  of  iron  for  tho 
manufacture  of  wire  ro|)e,  I  undertook,  durinnr  tlie  hard  winter  of  18.0G, 
at  my  establishment  at  Trenton,  a  series  of  experiments,  when  tho 
thermometer  was  five  to  ten  decrees  below  zero.  The  sami)les  for 
testing,  about  one  foot  long,  were  reduced  in  the  centre  to  exactly 
three-quarters  of  an  inch  S(|uare,  and  their  ends  left  larger  were  welded 
to  heavy  eyes,  making  in  all  a  bar  of  three  feet  long.  Thus  prepared, 
they  were  thrown  outside  of  the  mill,  covered  with  snow  and  ice,  and 
left  exposed  for  several  days  and  nights.  Early  in  the  morning,  be- 
fore the  air  grew  warmer,  a  samj)le,  inclosed  in  ice,  would  be  put  into 
the  testing  machine,  and  at  once  subjected  to  a  strain  of  20,000  lbs., 
the  bar  being  suspended  in  a  vertical  position,  left  free  all  around.  A 
stout  mill-hand,  armed  with  a  billet  of  one-and-a-half  inches  in  diame- 
ter and  two  feet  long,  then  struck  the  sample  horizontally  a  number 
of  blows,  hitting  the  reduced  section,  as  hard  as  he  could.  The  blows 
were  counted  and  continued  until  rupture  took  place.  Care  was  taken 
to  maintain  a  tension  of  26,000  lbs.  during  this  test,  by  screwing  up 
the  lever,  while  the  sample  kept  stretching.  Other  means  for  })roduc- 
ing  vibration  were  attempted,  but  none  proved  so  eifective  as  the  hit- 
ting w^ith  an  iron  bolt.  I  would  remark  here,  that  most  of  these  irons 
would  support  from  70,000  to  80,000  lbs.  per  square  inch ;  and  that 
good  samples  of  three-quarters  of  an  inch  square,  would  support  a  strain 
of  26,000  lbs.  for  a  whole  week,  with  no  visible  stretching,  provided 
all  vibration  and  jarring  was  avoided.  13ut  the  least  jar  would  produce 
a  permanent  elongation. 

Without  going  into  the  details  of  these  interesting  and  instructive 
experiments,  I  will  only  state  that  the  number  of  blows  which  the  dif- 
ferent samples  resisted,  when  encased  in  ice,  ranged  from  three  to  one 
hundred  and  twenty.  Inferior  qualities  of  a  crystalline  texture  would 
break  at  the  third  or  fourth  blow.  Good  samples  of  refined  puddled 
bar  resisted  very  well,  and  went  up  to  sixty  blows,  while  the  better 
qualities  of  hammered  charcoal  irons,  supported  up  to  one  hundred 
and  twenty  blow^s,  stretching  and  drawing  all  the  time.  Indeed,  it 
seemed  a  wire-drawing  process  on  a  rough  scale.  On  the  tension  being 
reduced  to  20,000  lbs.,  some  good  samples  resisted  the  almost  incre- 
dible number  of  three  hundred  blows  before  breaking. 

Such  qualities  of  iron  may  be  depended  upon  for  the  construction 
of  wire  cables  and  car-axles.  They  will  be  safe  at  the  2sorth  Pole, 
while  inferior  qualities  may  answer  very  well  in  warmer  latitudes. 

Well  observed  facts  of  the  durability  of  irons,  when  exposed  to  ten- 
sion and  vibration,  are  of  more  value  than  speculative  opinions.  I  will 
here  record  a  few  more  facts,  experienced  by  m3'self. 

In  1844  I  removed  the  old  timber  aqueduct  over  the  Allegheny 
river  at  Pittsburgh,  the  heaviest  work  of  that  description  in  the  United 
States,  consisting  of  seven  spans  of  one  hundred  and  fifty  feet  reach. 
It  had  stood  fourteen  years.    All  the  suspension  bars  taken  out  of  the 
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old  trusses  and  arches,  and  orif^inally  made  of  good  puddled  iron,  on 
being  tested  and  -svorked  up  into  bolts  for  the  licw  wire  suspension 
uciueduct,  proved  of  good  (jiialitj,  as  good  as  such  irons  generally  are. 

During  the  great  fire  at  Pittsburgh,  in  1845,  the  old  Monongahela 
bridge,  of  eight  spans,  a  heavy  ]5urr  structure,  burned  down.  I  con- 
tracted to  put  up  a  sus})ension  bridge,  and  acce])ted  all  the  old  mate- 
rials, which  were  not  consumed,  including  about  thirty  tons  of  ham- 
mered charcoal  iron  of  excellent  quality.  This  iron,  after  a  severe 
usage  for  over  thirty  years,  was  found  so  good  that  I  had  it  all  drawn 
into  wire.  Every  bar  was  good  for  60,000  lbs.  per  square  inch,  as 
Strong  and  tough  as  it  ever  could  have  been  before  going  into  the  bridge. 
The  old  structure  was  loose  and  limber,  producing  considerable  vibra- 
tion on  all  vertical  bars. 

On  excavating  for  the  southern  anchorage  between  the  old  wing- 
walls  of  the  old  Monongahela  bridge,  a  number  of  round  bars  of  onc- 
and-a-quarter  inches  diameter,  about  40  feet  long,  good  puddled  fibrous 
iron  was  taken  up.  They  had  served  as  tie  bars  to  keep  the  retaining 
walls  from  spreading.  Screwed  up  tight,  they  had  been  under  ground 
about  twenty-five  years,  embedded  in  clay.  The  outside  rust,  firmly 
combined  with  clay  and  sand,  appeared  to  have  formed  a  protective  coat. 
At  any  rate  the  strength  of  the  iron  had  not  suffered  at  all  from  oxi- 
dation, its  quality  was  as  good  as  any  puddled  bar  manufactured  at 
the  present  day. 

Last  year,  while  removing  the  old  St.  Clair  Street  Bridge  over  the 
Allegheny  River  at  Pittsburgh,  to  make  room  for  a  new  Suspension 
Bridge,  since  completed,  I  examined  the  old  iron  with  considerable  in- 
terest and  care.  All  this  iron  had  been  manufactured  about  forty-one 
years  ago,  and  had  been  the  result  of  the  first  attempts  at  puddling 
ever  made  west  of  the  Allegheny  Mountains.  The  manufacturer,  who 
is  still  living,  informed  me  that  in  those  days  puddling  was  not  well 
understood,  and  that,  although  the  stock  was  good  cold  blast  charcoal 
pig,  the  iron  turned  out  of  a  highly  crystalline  texture.  It  proved  so  on 
its  fracture,  but  of  a  good  color,  the  texture  was  uniform  and  not  coarse. 
On  being  heated  and  draw^n  down  to  half  its  size,  it  made  a  strong 
fibrous  iron ;  all  it  wanted  w^as  w^ork.  There  was  not  one  fibrous  bar 
in  the  whole  lot  of  suspension  bars ;  they  were  all  alike  crystalline 
and  brittle  in  texture.  This  iron  had,  from  the  manufacturer's  own 
testimony,  undergone  no  change  ;  it  was  as  crystalline  on  the  last  day 
as  it  was  on  the  first.  But  there  was  another  quality  of  iron  in  the 
same  structure.  The  straps  and  bolts  w^hich  connected  the  chords  with 
the  posts  and  braces,  had  been  manufactured  of  a  good  quality  of  ham- 
mered charcoal  iron,  and  a  most  capital  iron  it  proved  after  forty  years 
service. 

I  will  also  draw  attention  to  those  interesting  experiments  made  re- 
cently by  Mr.  Albert  Fink,  on  a  number  of  suspension  bars,  taken 
out  of  his  bridges  on  the  Baltimore  and  Ohio  Railroad,  for  the  pur- 
pose of  testing  their  strength  after  seven  years  service.  These  tests 
exhibited  a  rate  of  strength  which  is  only  possessed  by  good  iron,  and 
led  Mr.  Fink  to  the  conclusion  that  seven  years  wear  had  not  afi'ected 
the  bars. 
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All  irons  form  alloys  of  p\iro  iron,  mixed  wllli  carbon  and  otlior  im- 
purities. A  certain  amount  of  impurities  in  the  shape  of  ^ood  cinder 
appears  to  be  necessary  to  impart  stren«rth  and  cohesion  to  this  njetal, 
and  also  to  make  it  mallcahle,  ai»d  lo  "^ive  it  weldin;;  properties.  Tlio 
])urer  the  iron  is,  tlie  hi;rher  tlie  lie.it  at  >vhieh  it  will  weld.  (yom|)are, 
lor  instimce,  «^ood  J>\vedish  iron  \s\{\\  common  puddled  bar.  AVhih'  tho 
latter  will  weld  at  a  low  heat,  the  former  recpiires  a  much  hi;:lier  heat. 
Compare  their  fracture  and  color.  Tlie  f^ood  Swedish  bar  will  exhibit 
either  a  fine  i:;rnnular  a))pearanee  or  iihre,  accompanied  by  a  silvery 
lustre,  showing  comparative  ])urity;  the  i>uddled  bar  will  be  of  a  dark 
color,  with  a  graphite  lustre,  and  will  show  a  coarse  texture  or  loose 
fibre. 

During  the  process  of  puddlinfr,  as  well  as  of  blooming,  the  melted 
pig-iron  is  mixed  with  cintler,  and  this  mixture,  which  will  adhere  by 
cohesion,  prevents  the  formation  of  large  crystals,  which  is  the  ten- 
dency of  pure  iron  in  a  molten  state.  Now  by  working  (brinfrin""  to 
nature,  as  the  puddler  calls  it),  this  mixing  and  cr3'stallization  is  pro- 
moted. The  subsequent  squeezing  and  rolling  of  the  puchlled  ball,  or 
the  hammering  and  shingling  of  the  l)loom,  will  have  tlie  eflect  of  con- 
densing, laminating,  reducing,  and  drawing  out  these  crystals,  at  tho 
same  time  removing  and  scjueezing  out  the  superabundant  cinder  from 
between  the  metallic  crystals.  Thus  the  drawn-out  fibre  is  composed 
of  an  aggregate  of  pure  iron  threads  and  leaves,  enveloped  in  cinder. 

Pure  iron  as  well  as  very  impure  iron  is  weak ;  the  maximum  strength 
and  toughness  is  obtained  by  a  certain  mixture  of  pure  iron  with  carbon 
and  cinder,  thoroughly  worked  and  incorporated.  When  the  fibrous 
and  laminar  aggregation  becomes  so  dense  as  to  be  fit  for  the  manu- 
facture of  steel,  then  are  by  this  very  process  sufficient  impurities  ex- 
pelled, and  the  greatest  degree  of  cohesion  is  obtained.  Hence  strong 
steel  can  only  be  made  of  strong  iron,  no  matter  what  chemicals  may 
be  administered  during  the  process. 

Keeping  the  above  process  before  our  mind,  we  may  now  understand 
why  even  the  best  fibrous  wrought  iron,  when  exposed  to  long  con- 
tinued vibration  under  tension,  or  to  torsion,  bending  or  twisting,  must 
inevitably  become  brittle,  because  the  iron  threads  and  laminoi  become 
loosened  in  their  cinder  envelopes.  But  the  cohesion  between  the  iron 
and  its  cinder  once  destroyed,  and  its  strength  is  gone.  Now  whether 
cohesion  is  the  result  of  magnetic  attraction  (according  to  Faraday) 
or  otherwise,  this  process  appears  to  be  purely  mechanical.  But  let 
the  explanation,  which  is  here  ofi*ered,  be  correct  or  not,  the  fact  re- 
mains that  fibrous  iron  and  all  kinds  of  iron  and  steel,  will  be  rendered 
brittle  by  vibration  and  tension,  or  by  bending  and  twisting,  without 
undergoing  any  mj'sterious  change  in  its  molecular  arrangement. 

It  is  only  within  the  last  one  hundred  years  that  wrought  iron  has 
become  a  necessity/  on  public  and  private  works.  Large  structures 
entirely  composed  of  iron  are  of  a  still  more  recent  date.  Long  ex- 
perience on  a  large  scale  is  therefore  wanting.  But  as  far  as  it  goes, 
the  opinion  is  fully  sustained,  that  good  iron,  not  overtaxed  by  ten- 
sion and  vibration,  and  otherwise  preserved,  will  prove  one  of  the  most 
durable  building  materials  at  our  disposal. 
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The  Mcnai  Chain  Suspension  Bridge,  has  now  stood  about  thirty- 
six  years,  and  is  still  considered  a  sal'o  work,  jilthouf^ji  it  has,  for  the 
"want  of  stilfness,  on  several  occasions  sulfered  severely  from  gales. 
The  old  Wire  Suspension  ]5ridge,  at  Friburg,  in  Switzerland,  has  been 
in  use  about  twenty-seven  years,  but  it  does  not  possess  cnougb  of 
strength  and  stiffness  to  guarantee  its  safety  much  longer  in  its  present 
state. 

It  shouhl  1)0  reniembered  that  there  are  many  suspension  bridges  in 
this  country,  as  well  as  in  Europe,  built  without  any  regard  to  stiff- 
ness, and  are  therefore  constantly  subjected  to  vibration,  which  must 
greatly  limit  their  durability. 

The  cables  of  the  Niagara  Bridge,  on  the  other  hand,  are  free  from 
vibration,  consequently  will  last  as  long  as  the  nature  of  good  wrought 
iron  will  permit,  when  subjected  to  a  moderate  tension,  not  exceeding 
one-fifth  of  its  ultimate  strength.  This  durability  I  am  unwilling  to 
estimate  at  less  than  several  hundred  years. 

Iron  has  emphatically  become  the  material  of  the  age.  Upon  its 
proper  use  the  future  comfort  and  physical  advancement  of  the  human 
race  will  principally  depend.  It  will  yet  be  the  harbinger  of  peace, 
as  already  it  has  given  us  the  means  of  locomotion  and  of  intelligent 
intercourse.  The  subject  of  this  paper  is  therefore  of  great  importance 
and  is  entitled  to  a  truthful  consideration. 

I  will  close  this  report  by  repeating  once  more,  that  the  cables  of 
the  Niagara  Bridge  are  made  of  a  superior  quality  of  material ;  that 
they  possess  an  abundance  of  strength ;  that  they  are  free  from  vi- 
bration;  that  they  are  well  preserved  and  taken  care  of;  and  conse- 
quently that  they  may  safely  be  trusted  for  a  long  series  of  years. 

Trenton,  N.  J.,  August  1, 1860. 


Water  Cisterns  in  Venice*^ 

The  French  Academy  of  Sciences  has  received  a  communication  from 
M.  G.  Grimaud,  on  the  manner  in  which  the  Venetians  construct  their 
cisterns,  a  plan  which  he  thinks  might  be  advantageously  introduced 
on  the  heights  which  overlook  Paris,  and  are  occupied  by  large  estab- 
lishments and  a  numerous  population,  and  which  would  greatly  benefit 
by  them.  Venice  occupies  a  surface  of  5,200,000  square  metres  (1300 
acres),  exclusive  of  all  the  great  and  small  canals  which  intersect  it. 
The  annual  average  of  rain  is  31  inches,  the  greater  part  of  which  is 
collected  in  2077  cisterns,  177  of  which  are  public.  The  rain  is  suf- 
ficiently abundant  to  fill  the  cisterns  five  times  in  the  course  of  the 
year,  so  that  the  distribution  of  water  is  at  the  rate  of  16  litres  (3J- 
gallons)  per  head.  To  construct  a  cistern  after  the  Venetian  fashion, 
a  large  hole  is  dug  in  the  ground  to  the  depth  of  about  9  feet,  the  in- 
filtration of  the  lagoons  preventing  their  going  any  deeper.  The  sides 
of  the  excavation  are  supported  by  a  frame-work  made  of  good  oak 
timber,  and  the  cistern  thus  has  the  appearance  of  a  square  truncated 
pyramid  with  the  wider  base  turned  upwards.     A  coating  of  pure  and 

*  From  the  Journal  of  the  Society  of  Arts,  No.  405. 
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compact  clay,  1  foot  thick,  is  now  ;i|)|»li('(l  on  llic  wooilen  frame  with 
great  care;  this  opposes  an  invincihle  obstacle  to  the  pr()<;resH  of  the 
roots  of  any  plants  growing  in  the  vicinity,  and  also  to  th(!  [)ressiiro 
of  the  water  in  contact  with  it.  iS'o  crevices  are  Icfl  which  mi^iht  allow 
the  air  to  penetrate.  This  preliminary  work  being  (h)ne,  a  large  cir- 
cular stone,  partly  hollowed  out  like  the  1»ottom  of  a  kettle,  is  deposited 
in  the  pyramid  with  the  cavity  u})wards  ;  and  on  this  founchition  a 
cylinder  of  well  baked  bricks  is  constructed,  having  no  interstices 
whatever,  except  a  number  of  conical  holes  in  the  bottom  row.  The 
large  vacant  space  remaining  between  the  sides  of  the  pyramid  and 
cylinder  is  filled  with  well  scoured  sea  sand.  At  the  four  corners  of 
the  pyramid,  th(>y  ])lace  a  kind  of  stone  trough  covered  with  a  stone 
lid  pierced  with  holes.  These  troughs  communicate  with  each  other 
by  means  of  a  small  rill,  made  of  bricks,  and  resting  on  the  sand,  and 
the  whole  is  then  })aveil  over.  The  rain  water  coming  from  the  roofs 
runs  into  the  troughs,  penetrates  into  the  sand  through  the  rills,  and 
is  thus  filtered  into  the  cylinder  or  well-hole  by  the  conical  holes  al- 
read}^  described.  The  water  thus  sujiplied  is  perfectly  limpid,  sweet, 
and  cool. 


A  Suhway  in  London."^ 

The  ^Ictropolitan  Board  of  Works  report  that,  with  a  view  to  the 
adoption  of  means  for  obviating  the  expense  and  inconvenience  attend- 
ing the  breaking  up  of  the  pavement  for  the  repair  of  mains  and  pipes, 
sewers,  and  other  underground  works,  and  in  the  hope  of  obtaining 
valuable  data  for  their  guidance  in  carrying  out  future  improvements, 
they  determined  in  making  the  New  Covent-garden  approach  to  form 
a  subway  under  the  street  for  the  reception  of  gas  and  water  mains, 
electric  telegraph  conductors,  &:c.;  and  on  the  31st  of  July  they  entered 
into  a  contract  for  the  execution  of  these  works,  and  thev  are  now  in 
hand.  They  propose  to  construct  under  the  street  an  arched  subway 
7  feet  6  inches  in  height  by  12  feet  in  Avidtli,  and  also  to  form  arched 
side  passages  for  house  service  pipes,  together  with  proper  cellarage 
on  each  side  of  the  street.  In  conjunction  with  the  works  proper 
sewers  will  be  built,  and  convenient  arrangements  made  for  drainage. 

*  From  the  Lond.  Civ.  Eiig.  and  Arch.  Journal,  Oct.,  1860. 


Strength  of  Building  Stones.* 

The  following  table  (showing  the  specific  gravity  of  colonial  and 
other  building  stones,  the  force  required  to  crush  one-inch  cubes,  the 
amount  of  disintegration  caused  by  the  action  of  sulphate  of  soda, 
taking  1000  as  an  indication  of  perfect  resistance,  and  the  weight  per 
cubic  foot)  is  from  Mr.  Knight's  treatise  mentioned  iu  our  notice  of 
the  Melbourne  Houses  of  Parliament : 

*From  the  London  Builder,  No.  918. 
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Specific 

CruHliing  force  per 

Am't  of 
dininte- 

Weip;ht  per 
cubic  foot  in 

AVeight  per 
culiic  foot  after 
four  hours'  im- 

gravity 

miuuro  inch. 

gratlon. 

iiu  ordinary 
Htate. 

mersion  in 
water. 

Colonial  Stonks. 

In  11  IS. 

In  lbs. 

In  \ha. 

Dinlcv  saiidHtono, 

2:i5() 

21  is 

•800 

124     7-10 

132 

Uucclius  Mmsli  siindHtonc, 

221  :J 

104'.) 

•200 

124 

133    5-16 

(iccloiip;  siiiulstoiic, 

2207 

2150 

•()00 

130  11-10 

138  10-lrt 

Kyiictoii  Miiiidsioiio, 

2250 

— 

•000 

131     7-lti 

135  11-16 

Kiliiiiirf  Miiiilsluiu', 

242;5 

3100 

•050 

Hiilli'in  !4iiiiilHt<>ii(', 

2484 

2100 

•7. 'Hi 

142    0-10 

147     4-16 

DiUKiistrr  Muulstoiie,               : 

2487 

3103 

•800 

150 

Plfiity  sainl.stoni', 

2455 

3200 

•5in) 

146  13-16 

150     3-16 

Portland  (western  district)  lime- 

1 

Stiilll', 

2503 

3065 

•700 

Mai rnanibdol  limostone.  a  picktMl 

Hpccinicn,  hardened   by 

Halt   water, 

2438 

5035 

•800 

Cnpo  Fcliaiik  limestone, 

2500 

3550 

•600 

140 

IJall.in  saiulstone, 

2440 

2450 

•SOU 

Keilor  saniistoiie, 

2477 

]000 

•300 

145  11-lfi 

149  10-16 

Western  I'ort  sandstone, 

2:J57 

54' 10 

•500 

148    8-16 

149     5-16 

Apollo  Hay  sandstone, 

2-1731 
2025  1 

Tested  up  to  0720  lbs. 

looo 

Uluestone  (basalt), 

without    prcduciiig 

— 

103    7-16 

Granite  from  the  Plenty, 

2655  ! 
2052  ■ 

any  eff.  ct.  The  ma- 

1^000 

Sienite  from  Uabo  Island, 

chine     was     inade- 

l^OOO 

Temi)lestowe  clay  slatestonc, 

2000 

quate  to  go  beyond 

1^000 

Mount  Sturgeon  sandstone, 

2386  J 

this  weight. 

1-000 

142  12-16 

144 

Inter-colonial  Stones. 

Pltfield's   New    Kangaroo    Point 

sandstone  from  Tasma- 

nia, 

2207 

2956 

•900 

132    3-16 

131    9-16 

Kangaroo  Point  stone,  old  quarry, 

2262 

2881 

•050 

135    5-16 

137    2-16 

North-west  Bay  sandstone  from 

Quinn's  quarry,  Taemar 

nia, 

2322 

2089 

•700 

140    9-16 

143 

Iluon  River  sandstone,  Tasmania, 

2417 

— 

•001 

Sydney  sandstone. 

2237 

2228 

•300 

Adelaide  sandstone, 

— 

2800 

— 

Adelaide  marble. 

2715  1 

Tested  up  to  0720  lbs. 
without  effect. 

1 1^000 

1C7     5-16 

Stones  from  Europe. 

Fifeshire  sandstones,  Scotland, 



1814 

•100 

128    3-16 

1.36 

Bath  oolite,  England, 

2241 

1000 

•800 

124  14-16 

126     6-16 

Portland  oolite,  England, 

2447 

3135 

•950 

137    2-lG 

140    9-16 

Park  Spring  sandstone,  from  near 
Leeds,  G.B., 

( 

jTestpd  up  to  6720  lbs. 

^... 

2383-^ 

without  producing 

y  1^000 

148 

I 

any  effect. 

Caen,  Normandy, 

2076 

r 

1543 
Tested  \\\)  to  6720  lbs. 

•700 
) 

134    5-16 

136    4-16 

Carara  marble,                        ; 

2713^ 

■without  producing 
and  effect. 

vvooo 

166 

Table  showing  Ihe  Weight  required  iu  crush  inch  cubes  of  the  four  Building  Stones 

principally  used  in  Melbourne. 


jCrushing  force  per 

Crushing  force 

square  inch  after 

per  .square  inch 

four   hours  immer- 

when dry. 

sion  in  water. 

In   lbs. 

In  lbs. 

Pitfield's  new  quarry  at  Kangaroo 

Point,             .... 

2956 

1919 

m 

Pitfield's  old  quarry  at  Kangaroo 

Point,             .... 

2881 

1428 

50^ 

Darley,          ..... 

2118 

1260 

35i 

Bacchus  Marsh,        .... 

1949 

1073 

45 

The  above  results  are  derived  from  the  average  of  four  samples  of 
each  stone  in  a  dry  and  two  of  each  in  a  wet  state. 
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Experiments  to  prove  the  fitness  of  the  followinj^  Htones  to  act  as 
lintels,  i^e.,  tried  on  seantlinjrs  4  by  4  inehes,  liavingaspan  of  4  feet, 
and  the  entire  weight  suspended  from  the  centre  : 

Ur<-nUinir  WfiRht, 

cut.  (jiH.  Wm. 

rilosljiro.  Si-otland,  sanilstonc,          .......        1       1  '^6 

l^itli  oolite.  Kn!,'lish. 2      2  20 

Kungaroo  Pi)it»l   wliito  sniidsloiu',  from  I'iificld'rt  mow  (Hi;irry, 

'rasmiiuia 2      2  20 

Kviictoii,  V  i('ti>ri;i,  sniulKtono,            .          .          .          .          .          .          .        2       2  21 

Kiliitzaroo  Point  s:>nils!oiu«,  Pitfit'Iirs  old  quarry,               ...             23  20 

IJiicrhus  Marsh  sandstotio,  N'ictoria,          .          .          .          .          .          .        2       3  2i 

Darlcy  saddstoiip,  Victoria,            .......            .'J       0  2 

Jiullooii  sarnlstone,  Victoria,  .  .  .  .  .  .  .320 

l)oiu-aster  saiulstoiu'.  iioar  IJulIcrn,       ......             33  20 

fi«N'loii!T.  H!irr;\bt>ol  Hill    sniidsloiio,           .           .          .           .           .           .        'I       2  20 

Portland    liincstoiio.  Knirlish.                   C      0  20 

I'ark  lS[»rinf^  sandstone,  fron>  England,  near  Leeds,             .          .          .        0       3  (i 

Adelaide  niailile, 10       1  11 

Colonial  l)as;.lt,                   13      0  2 

Mount  Moriar,  near  Geelong,       .         .                  .         .         .         .           4      3  15 


For  tlic  Journal  of  the  Franklin  Institute. 

Description  of  a  Keiv  Portable  Coffer  Dam.     By  Capt.  E.  B.  Hunt, 

Corps  of  Engineers,  U.  S.  A. 

[ReAd  before  the  American  Association  of  Science,  at  Newport,  K.  I..  Augnst,  I860.] 

The  use  of  the  coffer  dam  in  laying  foundations  under  water,  is 
among  the  best  established  and  most  reliable  resources  of  the  engi- 
neering profession,  and  its  application  in  several  classes  of  cases  is 
well  settled.  In  making  studies  for  certain  contemplated  constructions 
at  Fort  Ta^'lor,  Key  West,  a  new  style  of  coffer  occurred  to  me,  which 
I  hope  soon  to  apply  and  which  gives  rational  promise  of  success. 

The  first  case  considered  was  one  of  founding  wharf  and  bridge 
piers  on  a  rock  bottom,  over  which  a  thin  stratum  of  sand  is  spread. 
A  set  of  piers,  ten  feet  square,  of  solid  masonry  from  the  bottom,  was 
first  contemplated.  For  these  the  style  of  coff"er  planned  was  a  strong 
square  frame,  with  four  corner  posts,  and  a  sufficient  number  of  wale- 
courses  across  the  four  sides,  and  framed  into  these  corner  posts,  to 
give  the  stiff'ness  of  side-wall  necessary  for  supporting  the  whole  water- 
pressure.  The  length  of  the  corner  pieces  would  be  such  as  to  give 
an  excess  of  a  foot  or  more  at  the  top  in  the  deepest  water  at  high 
tide.  The  size  in  plan  would  have  to  be  such  as  to  give  the  requisite 
working  space,  and  might  be  reduced  to  fifteen  feet  square.  This  frame 
work  being  put  together,  and  stayed  by  a  set  of  diagonal  rope  tie 
braces,  could  be  launched  and  taken  to  its  position,  where  it  would  be 
placed  erect  and  adjusted  to  be  level,  using,  if  necessary,  uprights  in 
one  or  more  angles,  to  bear  on  the  bottom,  or  to  be  driven  to  the  rock, 
and  then  lashed  or  bolted  to  the  leveled  frame.  These  angle  posts  can 
be  sufficiently  driven  to  give  security  against  the  force  of  tides  and 
currents  when  needed,  and  also  to  sustain  the  weights  re([uired  to  be 
rested  on  the  top  of  the  frame.     The  coffer  frame  being  thus  fixed  in 
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position,  a  row  of  slicct  pilin^]^  of  sound,  thrcc-incli,  hard  pine  pLmk 
remains  to  be  driven  to  tlu!  rock,  in  eontact  ^vitli  the  wales,  and  <^uided 
cither  by  two  outside  timber  <^ui(k*s,  made  to  be  removable,  or  by  fixed, 
Hat,  iron  bar  guides  with  the  angles  smoothed. 

Now  comes  the  feature  which  I  suppose  to  be  entirely  novel,  and 
which  gives  a  peculiar  cliaracter  to  this  portable  coffer  dam.  Take 
strong  canvass,  and  proc(.'ed  to  make  up  a  case  or  covering  for  the  en- 
tire coffer,  using  two  thicknesses  of  canvass,  and  interposing  a  com- 
plete coating  of  mineral  or  coal  tar,  so  as  not  only  to  cause  the  two 
canvass  layers  to  a<lherc  to  each  other  thoroughly,  but  to  make  a  per- 
fectly impervious  sheathing.  Along  the  bottom  edge  of  the  coffer 
sheathing,  a  similar  double  canvass  flap  is  joined  around  the  whole 
bottom  line,  which  will  lay  spread  out  over  the  bottom  as  far  as  is 
judged  necessary.  This  breadth  of  fla[)  will  depend  essentially  on  the 
nature  of  the  bottom.  The  surface  to  be  thus  covered  should  first  be 
raked  clear  of  sticks,  stones,  &c.,  to  prevent  tearing  holes  through  the 
flap.  The  case  and  flap,  water-tight  through  their  whole  extent,  and 
having  much  positive  strength  to  resist  pressure,  being  put  on  the  cof- 
fer and  surrounding  bottom,  it  only  remains  to  proceed  with  the  pump- 
ing, which  being  actively  pushed  will  rapidly  reduce  the  small  enclosed 
water  column.  As  this  goes  on,  the  exterior  pressure  comes  first  on 
the  canvass  coating,  and  this  in  turn  rests  against  the  sheeting  piles 
and  alono:  the  entire  surface  of  the  bottom.  As  the  sheetino^  should  be 
of  even  thickness  with  straight  edges,  the  joints  will  be  close  and  nar- 
row ;  hence  there  will  be  no  danger  of  ruptures  from  the  bridging  strain 
across  them.  The  submerged  exterior  guides  being  either  removed  or 
formed  of  iron  bars  with  beveled  edges,  would  create  no  dangerous 
strains.  To  bring  the  flap  more  closely  to  the  bottom,  a  sprinkling  of 
sand  or  any  clean  earth  might  be  thrown  over  it  when  in  place,  or  the 
outer  edge  might  be  weighted  if  needful.  In  case  the  water  should 
penetrate  through  the  bottom  covering  layer,  even  from  the  outer 
boundary  of  the  flap,  it  is  only  required  to  scoop  out  the  enclosed 
sand,  and  fill  in  the  bottom  with  a  layer  of  concrete,  as  is  usual  in  the 
common  coffer,  using  the  tramis,  a  plain  Avooden  trough,  or  a  box  with 
a  trip  bottom. 

It  only  remains  to  proceed  in  building  the  piers,  using  the  top  of 
the  coffer  as  a  platform,  and  to  support  the  derrick  or  traveler,  the 
materials  being  lightered  alongside.  Should  a  steam  pump  be  found 
necessar}^,  this  could  be  worked  on  board  a  lighter,  by  using  a  flexible 
pipe,  led  through  the  side  at  the  top,  or  it  could  be  carried  through 
the  case  and  sheathing  near  the  bottom.  A  series  of  lashings  along 
the  top  of  the  case  could  be  used  for  fastening  it,  and  buoyed  cords 
attached  to  the  edge  of  the  flap  would  serve  for  its  manoeuvre. 

Another  mode  of  treating  this  case  might  be  preferred  for  great 
depths.  This  is  by  using  a  circular  coffer  made  by  trimming  to  the 
required  arc  sweeps  of  three-inch  planks,  combining  them  in  full  circle 
ribs  so  as  to  break  joints  and  fastening  with  screw  bolts.  This  is  merely 
turning  an  arch  centre  into  the  vertical.  Launching  one  rib,  a  set  of 
upright  struts  with  draw-bolts  would  be  placed  on  it,  and  the  second 
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lib  huilt  on  (luMii,  i^c.  In  somo  cases  tliis  ini;;lit  l)o  superior  to  tho 
siiUMrc  ('(ilVcr.  The  niodiliealion  of  the  case  and  flap  would  oflVr  no 
serious  dilliculty.  A'arious  otluT  tinj))er  and  iron  cuiler  IVamcs  might 
he  advant:iixeo\isly  used  in  treatin<r  this  case. 

In  the  inst:\nee  first  eonsi(hM'e(l,  it  was  desirable  not  to  obstruct  tho 
water-way  more  than  was  necessary  to  get  the  solidity  re(|uii-ed  by  a 
])ermanent  wharf  for  heavy  vessels.  A  series  of  these  piers  giving  tho 
requisite  supports  for  the  wharf  and  bridge  platforms  answeretl  theso 
conditions,  and  it  was  supposed  that  this  j)lan  could  be  used  in  water 
of  over  twenty  feet. 

The  facility  with  which  this  portable  coffer  can  be  struck  and  estab- 
lished is  its  great  recommendation.  Admit  the  water,  lioist  the  case, 
draw  the  sheeting,  and  lloat  the  frame  to  its  next  station,  buoying,  if 
necessary,  and  then  all  becomes  simple  rcjietition.  It  is  a  ((uestion  of 
judgment  or  calculation  in  each  case  to  give  the  frame-work  the  sta- 
bility required  for  resisting  the  pressures,  currents,  and  wave  actions; 
as  also  to  decide  where  the  probable  violence  of  waves  Avould  make  tho 
]dan  impracticable  or  injudicious.  Judgment  must  also  be  used  in 
deciding  wliether  the  ruggedness  of  the  bottom  makes  this  plan  inap- 
plicable. Sometimes  this  difficulty  would  be  fully  met  by  throwing 
around  tho  cofter  a  covering  sheet  of  fine  clay  or  marl,  which  will  either 
make  the  bottom  tight,  or  so  cushion  it  that  the  liap  can  be  used  suc- 
cessfully. When  we  contrast  the  simplicity  of  this  coffer  and  the 
facility  with  which  it  can  be  established  and  transferred,  with  the 
com])lex  character  of  the  ordinary  fixed  coffers,  or  with  Stevenson's 
portable  coffer,  so  limited,  comparatively,  in  its  applications  and  trouble- 
some in  erection,  it  will  need  but  little  consideration  to  perceive  the 
utility  of  this  device  in  numerous  cases  of  bridge  piers  and  other  struc- 
tures. To  extend  the  above  system  to  larger  piers  requires  only  the 
application  of  simple  well  established  principles,  which  every  competent 
engineer  would  easily  make,  and  which  need  not  be  here  dwelt  upon. 

It  is  likely  to  find  its  first  application  in  a  sea  wall,  which  will  pro- 
bably be  built  at  Fort  Taylor  next  winter.  It  is  proposed  to  use  in 
this  case  n  portable  coffer  of  50  by  12  feet  in  five  compartments  of 
framing,  the  intermediate  submerged  cross  bars  being  made  movable. 
The  building  of  the  first  section  of  wall  will  not  much  differ  from  the 
building  of  a  pier,  except  that  the  masonry  bond  at  each  end  must  be 
arranged  to  provide  for  the  adjoining  sections.  In  walls  but  little  ex- 
posed to  the  sea,  the  sections  can  be  brought  above  low  water  indepen- 
dently by  building  plain  heads  and  leaving  a  clear  joint.  Of  course 
this  would  not  do  where  the  foundation  is  bad  and  the  load  irregular. 

To  build  this  second  section,  the  coffer  would  be  re-established  as  be- 
fore, except  that  the  end  should  be  arranged  to  embrace  the  wall  al- 
ready carried  up,  and  the  sheeting  should  be  shaped  to  close  in  neatly 
on  its  front  and  rear  faces.  The  case  and  flap  will  have  to  be  so  altered 
at  this  end  as  to  fit  the  section  of  the  wall,  and  extend  along  its  front 
and  rear  faces  for  some  distance.  In  the  proposed  wall,  the  use  of  dove- 
tailed header  and  stretcher  courses  of  granite  is  contemplated  for  the 
face,  and  a  massive  concrete  filling  for  the  back.    The  box  planking  for 
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the  concrcto  can  rest  aprainst  tlio  main  upri;^]jts  and  can  be  recovered 
on  striking:,  thus  leaving  all  tlie  s])arc  space  in  tlie  cofier  for  face  work. 

The  Kiniplicity  of  this  cofl'er  an<l  the  facility  with  wliicli  it  can  be 
shifted  from  section  to  section  of  a  sea  wall,  lead  nie  to  believe  that  it  ! 
will  be  found  a  ixrcat  source  of  economy  in  constructing  the  walls  of  j 
wharves,  basins,  docks,  &c.,  when  the  shelter  from  waves  arul  the  cha- 
racter of  bottom  mjike  it  available.  In  many  cases  the  llap  could  be 
nearly  omitted,  and  in  some  rou<^h  bottoms  the  simple  cofler  case  could 
be  used  and  a  slight  foot  slope  of  j)uddle  or  earth,  which  works  tight, 
could  be  thrown  in  so  as  to  serve  the  purpose. 

This  device  not  having  yet  been  tried,  I  should  scarcely  bring  it  be- 
fore the  public,  except  that  I  am  willing  by  publication  at  once  to  pre- 
vent patents  and  to  give  to  engineers  the  benefits  it  oilers,  which  can  be 
seen  beforehand  with  almost  absolute  certainty. 
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Expansion  of  Steam. 

At  a  late  meeting  of  the  American  Engineers'  Association,  New 
York  City,  the  subjoined  paper  was  read  by  its  author,  Mr.  Louis  Koch, 
Mechanical  Engineer.  E.  B. 

New  York,  Nov.  14,  18C0. 

Question. —  What  is  the  pressure  of  steam  in  the  cylinder  at  the 
end  of  the  stroke  when  cut  off  at  half  stroke  f 

This  question  is  easily  answered  by  the  experimental  tables  laid 
down  by  the  Committees  of  the  French  and  the  Franklin  Institutes,  by 
Dr.  Lardner,  and  many  others,  showing  the  total  pressure  in  pounds,  the 
corresponding  temperature,  the  volume  of  steam  compared  to  the  vol- 
ume of  water  that  has  produced  it,  and  the  mechanical  effect  of  a  cubic 
inch  of  w^ater  evaporated  in  pounds  raised  one  foot ;  all  of  which  show 
conclusively  that  the  pressure  of  steam  in  the  cylinder  at  the  end  of 
the  stroke,  when  cut  off  at  half  stroke,  is  not  one-half  of  its  full  pres- 
sure, and  that  this  difference  becomes  greater,  first,  with  the  increase 
of  pressure,  and,  secondly,  with  the  decrease  of  cutting  off;  all  this  is 
strictly  theoretical,  without  regard  to  friction  or  the  influence  of  the 
atmospheric  pressure. 

The  following  are  a  few  examples  taken  from  Dr.  Lardner's  table : 


Volume  of 
Steam. 

Temperature. 

Pressure. 

Double 
Volume. 

Corresponding 
Pressure. 

Difler- 
ence. 

1281 
2426 

228-5 
192-4 

20   lbs.      ^ 
10     "        5 

2563 

about    9^    lbs. 

J  lbs. 

679 
1281 

269-1 

228-5 

40     "         5 
20     "         I 

1358 

19-2       « 

•98    « 

470 

883 

295-6 
251-6 

60     "         ) 
30    "        5 

940 

28-03     «* 

1-97    « 

362 
679 

315-8 
269  I 

80     "         I 
40     "         S 

724 

37-3       " 

2-97    " 

295 
554 

332-0 

283-2 

1 00     "        I 
50     "         S 

590 

46-34     " 

3-36    " 
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There  ean  ho  no  doubt  of  the  existence  of  ;i  fixed  relation  between 
tlie  temnerature  and  ])ressure  of  r^teaiii  hy  inuncdiatc  evaporation  when 
it  has  received  no  heat  except  tliat  which  it  taki'S  from  the  water,  but 
that  rehition  is  not  known,  and,  tlierefore,  eiupyrical  forniuhv  liavc 
been  proposed,  which  express,  with  more  or  less  precision,  tliis  relation 
in  dinVreut  ])arts  of  the  thermouu'trical  scale. 

^Ir.  Southern  proposes  the  annexed,  when  the  pressure  docs  not  ex- 
ceed one  atmosphere  : — 


T=  155-T23G  X  yi>-004!>48  — 51-3 

Trcdgold  proposes,  when  the  pressure  is  from  one  to  four  atmos- 
pheres : — 

1^-^V  T=  201-18,^/^  —  103 


^         201-18 


) 


Dulong  and  Arago  propose,  when  the  pressure  is  from  four  to  fifty 
atmospheres : — 

p  =  (0-2GT93-h  O-OOGToSo  t)^  t==147-0G1  v/p  — 30G44. 

Other  formulixi  are  given  by  Biot,  Taylor,  Gay  Lussac,  &c. 

The  same  uncertainty  exists  in  the  relation  between  the  pressure 
and  the  augmented  volume,  and  recourse  has  also  been  had  to  empy- 
rical  formuhie,  of  which  two,  as  the  most  convenient  for  low  pressure 
engines  of  every  form  as  well  as  for  high  pressure  engines  on  the  ex- 
pansion principle,  are  given. 

Dr.  Lardner  proposes 

3S759G9  ,  1.       r.     V-    .     t. 

V  =  --r-, r-     V  =  volume  per  number  ot  cubic  inches. 

A  more  accurate  formula,  when  not  less  than  30  lbs.  per  square 
inch  is  used,  is  the  following: — 

434782G 

v^  ;^-, 7.     P=  1  lb.  per  square  toot. 

It  is  well  to  remark  here,  in  relation  to  temperature,  upon  the  well 
known  fact  that  the  sum  of  the  sensible  and  latent  heats  is  a  constant 
quantity;  if  water  at  32°  temperature  is  converted  into  steam  under  a 
pressure  of  one  atmosphere,  or  14J  lbs.  per  square  inch,  it  is  necessary 
to  give  it  first  180°  additional  sensible  heat,  and  afterwards  990°  of 
latent  heat,  making  a  total  of  1170°  of  imparted  heat  and  32°  of  con- 
tained heat,  or  1202°  in  all.  Should  the  pressure  be  two  atmospheres, 
the  sensible  heat  would  be  au<rmented  to  250°,  and  the  latent  heat  de- 
creased  to  952°  ;  at  three  atmospheres,  respectively  275^°  and  92G  J°, 
and  thus  continuinor,  the  sensible  au^mentinfi:  and  the  latent  diminish- 
ing,  as  the  pressure  increases,  the  constant  total  being  1202°  F., 
1170°  of  which  are  necessary  for  the  evaporation  of  ice-cold  water, 
which,  consequently,  would  be  raised  to  the  temperature  of  1202°  if 
evaporation  "vvas  prevented. 
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A  very  easy  mode  of  calculating:  the  volume  of  steam  unrlcr  hiirlicr 
tcMupcraturc  than  that  of  one  atniosphcro  is  the  following!;:  — 

1.  it  h('in<»;  known  tliat  air  expands  with  every  dc^rtui  Centigrade, 
to  l-270ths  of  its  ])riiiiitiv('  volume  at  0°  C,  it  follows  that  270  cubic 
feet  of  air  when  heated  from  0°  to  100°  C,  will  expand  to  870  cubic 
feet,  and  that  1  cubic  foot  of  air  of  100°  C.  heated  with  further  {t) 
degrees  will  become 

370 +  < 

— ,,-.^--  cubic  leet. 


o< 


0 


2.  It  being  known  that  steam  expands  agreeably  to  the  same  law, 
it  follows  that  steam  of  100°  C.  if  its  temperature  is  increased  21*4° 
C.  will  increase  to 

370+21-4°      391-4      ,.    ^    , 

---:370-^^7T'^^^^''^^^''' 

therefore,  steam  from  1  lb.  of  water,  or  1G91   cubic  feet,  Avill  have  a 
volume  of 

391-4 

-^-  XlG91=:1789-078  cubic  feet. 
6{  0 

3.  And  as  it  is,  lastly,  known  that  at  the  same  temperature,  the 
pressure  of  elastic  fluids  is  proportionate  to  its  density,  and  as  saturat- 
ed steam  at  121-4°  G.  has  just  double  the  pressure  (or  that  of  two 
atmospheres),  it  follows  that  the  before  mentioned  1789*078  cubic  feet 
must  have  double  the  density,  and,  therefore,  a  volume  of  894-539 
cubic  feet. 

Having  now  conclusively  proved  that  the  volume  of  steam  increases 
with  the  pressure,  it  follows  that  there  is  a  decrease  of  volume  w^ith  the 
decrease  of  pressure,  and  it  is,  therefore,  evident  that  the  mechanical 
effect  of  steam  when  cut  off  at  any  part  of  the  stroke  will  not  be  fully 
one-half  of  that  of  its  expansion ;  all  this  is  nothing  new%  as  many  tables 
have  been  laid  down  to  this  effect,  as  noted  above,  but  as  a  basis  for  fur- 
ther calculations  on  the  advantage  or  disadvantage  of  cut-offs  generally 
they  are  valuable. 

Now,  let  us  see  if  there  is  an  advantage  in  practice  by  cutting-off 
steam  at  any  part  of  the  stroke.  We  will  select  a  bore  of  cylinder  of 
200  inches  area,  or  about  16  inches  in  diameter  and  6  feet  stroke.  We 
have,  at  first,  to  contend  with  friction  and  atmospheric  pressure  at  the 
exhaust ;  the  first  of  these  (friction)  is  the  most  difficult  to  find  a  basis 
for,  but  it  being  generally  conceded  that  2|-  lbs.  per  square  inch  is 
sufficient  in  a  w^ell  built  engine,  we  will  take  that  as  a  standard. 

The  atmospheric  pressure  at  the  exhaust  is  the  same  in  both  cases, 
and  in  relation  to  the  quantity  to  be  discharged,  what  is  less  in  one 
case  is  made  up  by  velocit}^  in  the  other.  It  is  to  be  remarked  that 
■when,  according  to  the  indicator,  we  work  under  50  lbs.  pressure,  we 
actually  have  64f  lbs.  on  the  piston  (theoretically),  the  difference  of 
pressure  in  the  boiler  and  that  exerted  upon  the  piston,  we  will  omit, 
being  in  both  the  same,  if  any,  as  has  been  asserted.  Let  us  take 
60  lbs.  total  pressure  on  the  piston,  and  then  find  the  mechanical  effect 
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ill  following];  full  stroke  and  cutting-ofi' at  one-half,  one-tliird,  and  onc- 
(piarter  stroke. 

'I'lu*  iiirchaninil  olli-ct  of  lull  strdko  will  l»c  GO  llis.  per  stjuaro 

inch,  or  I'J.OOO  lbs.  per  200  «i|unr«'  inrlies,  or        .  72,000  lbs.  lifted  I  ft. 

DcduolinR  for  friction  2.^  lbs.  prr  8i|uaro  inch  jMjnalH  500  lbs., 

or  :U)00    lbs.  lifted    one    toot,   and   ntinosphcrir    proHsure 

11 J  lbs.  per  s(|uare   inch  eiiuals   2yr)0  lbs.,  or    17,700  lbs. 

lifted  one  foot  .  .  .       =  20,700     "  '« 


and  tiiere  remains  a  clear  ellect  of  51,;300  lbs.  or  71  j  per  c. 

It  has  often  been  asserted  that  85,  00,  and  95  per  cent,  meclianical 
effect  has  been  obtained,  but  this  is  decidedly  an  error,  as  the  pressure 
"was  calculated  afrreeahly  to  the  indicator;  the  indicator  in  this  <;asG 
would  only  show  45|  lbs.  at  200  siiuare  inches  ecjuals  i)000  lbs.,  or 
54,300  lbs.  lifted  one  foot,  thus  presenting  a  niechanical  effect  of  nearly 
D4\  per  cent.,  which  is  a  deception. 

The  mechanical  effect  of  cutting-off  at  one-half  stroke  will  be  00  lbs. 
per  square  inch  or  12,000  lbs.  per  200  square  inches;  3  feet  stroke 
equals  30,000  lbs.  lifted  one  foot;  at  the  end  of  the  stroke,  as  has  been 
seen,  we  have  28*03  lbs.  pressure,  and,  therefore,  a  mean  pressure  of 
44*015  lbs.  per  square  inch,  or  8803  lbs.  per  200  square  inches  ;  3  feet 
stroke  equals  20,409  lbs.  lifted  one  foot;  adding  as  above,  we  have 
36,000+26,409  lbs.  =  G2,409  lbs.  lifted  one  foot.  Deducting  the  fore- 
going friction  and  atmospheric  pressure,  20,700  lbs.  lifted  one  foot,  and 
there  remains  a  clear  mechanical  effect  of  41,709  lbs.  lifted  one  foot, 
or  57*93  per  cent.,  with  half  the  amount  of  steam,  or  83,418  lbs.  lifted 
one  foot,  with  full  steam,  being  nearly  116  per  cent.  (115*86  per  cent.) 

The  mechanical  effect  of  one-third  stroke  will  be  60  lbs.  per  s(|uare 
inch,  or  12,000  lbs.  per  200  square  inches;  2  feet  stroke  =24,000  lbs. 
lifted  one  foot ;  we  have,  as  seen  at  the  end  of  the  stroke,  19*2  lbs.  pres- 
sure, and,  therefore,  a  mean  pressure  of  39*6  lbs.  per  square  inch,  or 
7920  lbs.  per  200  square  inches;  4  feet  stroke  equals  31,680  lbs.  lifted 
one  foot;  adding  as  above,  we  have  24,000+31,680  =  55,680  lbs.  lifted 
one  foot.  Deducting  friction  and  atmospheric  pressure  20,700  lbs.  lifted 
one  foot,  and  there  remains  a  clear  effect  of  34,980  lbs.  lifted  1  foot,  or 
48*53J  per  cent,  with  one-third  the  amount  of  steam,  or  104,940  lbs. 
lifted  one  foot,  with  full  steam,  being  145J  per  cent. 

The  mechanical  effect  of  one-quarter  stroke  will  be  60  lbs.  per 
square  inch,  or  12,000  lbs.  per  200  square  inches ;  IJ  feet  stroke  = 
18,000  lbs.  lifted  one  foot;  at  the  end  of  the  stroke,  we  will  have 
13*19  lbs.  pressure,  or  a  mean  pressure  of  36*595  lbs.  per  square  inch, 
or  7319  lbs.  per  200  square  inches  ;  4^  feet  stroke  =  32,935*5  lbs. 
lifted  one  foot;  adding  as  above,  we  have  18,000  +  32,935*5  = 
50,935*5  lbs.  lifted  one  foot.  Deducting  friction  and  atmospheric 
pressure,  20,700  lbs.  lifted  one  foot,  and  there  remains  a  clear  effect 
of  30,235*5  lbs.  lifted  one  foot,  or  nearly  42  per  cent.,  with  one-quar- 
ter the  amoui;^t  of  steam ;  or  120,942*0  lbs.  lifted  one  foot,  with  full 
steam,  being  168  per  cent. 

Again  ;  let  us  see  if  the  same  proportions  exist  in  a  smaller  cylin- 
der, shorter  stroke,  and  the  same  pressure ;  we  will  select  an  area  of 
50  ins.,  or  about  8  ins.  in  diameter,  4  ft.  stroke,  and  60  lbs.  pressure. 
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1st.  The  nirclnnical    i-flToct  of  full  stroke  will  ho  fiO  Ihs.  por  scinaro  inch,  or  3000  lbs. 
per  50  «(ni:ue  inches;  4  feel   stroke  .  =    12,000  lbs.  lilted  one  loot. 

Dediictinu:  for  friction  *2,\  ll»s.  per  square  ineh  =  I2r)||)s., 
or  .')00  Il»s.  one  foot,  and  atmosplierie  pressure  H4  Ihs.  per 
Hquare  inch  =  lM?i  Ihs.,  or  29.'30  lifted  one  foot  =      3.-1  .')n     "  «« 

And  there  remains  a  clear  elTect  of     .  8,5.50     "  " 

or  71^  per  cent. 

2d.   The    mechanical    eflecf  of  cuttine;  off  at   half  stroke,  will    he    fiO  II)s.  per    s-^iuare 
inch,  3000  Ihs    per  50  scjuare  inches:   2  feet  stroke  =      6,000  Ihs.  lifted  one  foot. 

4't*OI5  Ills,  mean  pr«>ssure  |)er  s(juare  inch,  or  2200|  Ii)s. 
per  50  square  inches:  2  feet  stroke  .  .  =     4,40 1^  «*  " 


Addinpf,  we  have  .  .      10.401]  " 

Deducting  friction  and  atmospheric  pressure         .  =      3,450    " 


And  there  remains  a  clear  effect  of  .       6,951^  "  «' 

or  57-93    per  cent,  with   half  the  amount  of  steam,  and    13,903  lbs.  lifted   one  foot,  or 
1 15-86  per  cent,  with  full  steam. 

3d.  The  mechanical  effect  of  cutting  off  at  one-third  stroke  will  he  60  Ihs.  per  square 
inch,  3000  Ihs.  per  50  square  inches:    1^  feet  stroke  =:     4000  lbs.  lifted  one  foot. 

39-6  Ihs   mean  pressure  per  square  inch,  or  1980  lbs.  per 
50  square  inches :  2^  feet  stroke  .  =     52«0    "  « 

Adding,  we  have  .  .  9280    "  " 

Deducting  friction  and  atmospheric  pressure  =     3450    "  " 

And  there  remains  a  clear  effect  of      .  5830    "  " 

or  48-58|  per  cent,  with  one-third  the  amount  of  steam,  and  17,490  lbs.  lifted  one  foot, 
or  145J  per  cent,  with  full  steam. 

4th.  The   mechanical    effect  of  cutting  off  at  one-quarter   stroke  will   be    60  lbs.  per 
square  inch,  or  3000  lbs.  per  50  square  inches:  1  foot  stroke  =  3000  lbs.  lifted  one  foot. 

3fi'595  lbs.  mean  pressure  per  square  inch,  or  1829f  lbs. 
per  50  square  inches  :  3  feet  stroke  .  =     5489J  "  " 


Adding,  we  have  .  .  8489^  "  " 

Deducting  friction  and  atmospheric  pressure  =     3450    "  " 

And  there  remains  a  clear  effect  of     .  5039^  "  " 

or  nearly  42  per  cent,  with  one-quarter  the  amount  of  steam,  and  20,157  lbs.  lifted  one 
foot,  or  168  per  cent,  with  full  steam. 

"  It  only  remains  to  investigate,  if  under  a  different  pressure  the  re- 
lations Avill  be  the  same :  we  will,  therefore,  take  the  same  cylinders 
and  strokes,  with  a  pressure  of  36  lbs. 

1st.  The  mechanical  effect  of  full  stroke  will  be  36  lbs.  per  square  inch,  or  7200  lbs. 
per  200  square  inches :  6  feet  stroke  .  =  43,200  lbs.  lifted  one  foot. 

Deducting  for  friction  2^  lbs.  per  square  inch  =  500  lbs., 
or  3000  lbs.  lifted  one  foot,  and  atmospheric  pressure  14^  lbs. 
per  square  inch  =  2950  lbs  ,  or  17,700  lbs.  lifted  one  foot  =  20,700    "  " 

Leaving  a  clear  effect  of  .  22,500    "  « 

or  52  083  per  cent. 

2d.  The  mechanical  effect  of  cutting  off  at  one-half  stroke  will  be  36  lbs.  per  square 
inch,  or  7200  lbs.  per  200  square  inches  :   3  feet  stroke    =   21,600      lbs.  lifted  one  foot. 

26-5 13  lbs.  mean    pressure   per  square  inch,  or  5302-6 
per  200  square  inches:  3  feet  stroke  .  =    15,907-8    "  « 

Adding,  we  have  .  .     37.507-8    «  " 

Deducting  friction  and  atmospheric  pressure  =   20,7000    "  " 

Leaving  a  clear  effect  of  .  16,807-8     «  " 

or  38-905  per  cent,  with  one-half  the  amount  of  steam,  and  33,615-6  lbs.  lifted  one  foot, 
or  77-810  per  cent,  with  full  steam. 
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3tl.  The  tnrchnnical  rllrct  of  ciilliiii;  oil*  iit  orn'-lliir«l  utrokr  will  l»c  3(i  ||t«.  per  Kquiiro 
iiu'li.  or  i'JOO  Ills.  |>i'r  VIOO  stjuarr  mclirs  :    '-i  Irct  hlrukr        =    14,100  IIih.  liltj-d  our  loot, 

ri:i  4H  Ills,  nu'in  proHsuro  prr  Htjiiaif  inch,  or  lOyO  ll»s.  per 
200  squ.iri-  inclu's:   4  Icfl  Blrokc  .  =    18.7HI     "  " 

Adiliiip;.  \v(>  have  .  .  :i:j.lK4     "  " 

Deducting  friction  ami  ulmospheric  pressure  =    «0  700     "  »« 

Leaving  n  clear  elVecl  of  .  I'J.lNl     •«  «« 

or  28  9  per  cenl.  with  one-tliinl  the  amount  of  strain,  and  37,45'^  lbs.  hfled  one  fool,  or 
80-7  per  cenl.  with  full  steam. 

4lh.  The    mechanical    efTect  of  cutlin<T  olV  at   one-cjuartor    stroke  will    he    30  Ihs.  j)cr 
square    inch,  or  7200  Il»s    per    200    sijuare    inches:    1]  feet 
stroke  .  .  .  =    10,800  lbs.  lifted  one  foot. 

22  0  178  lbs.  mean    pressure   per   sijuare  inch,  or  4403*50 
lbs.  per  200  square  inches:  4i  feet  stroke  .  =    19.810     "  " 

Adding,  wc  have  .  .     30.fil0    "  " 

Deducting  friction  and  atmospheric  pressure        .  =  20,700    "  •' 

licavincr  a  clear  eflTect  of  .  .       9.910    ••  " 

or  22-9.T  per  cent   with  one-quarter  the  amount  of  steam,  and  39,004  lbs.  lifted  one  foot, 
or  91  81  per  cent,  with  full  steam. 

The  same  per  centatje  exists  under  the  same  pressure,  whatever  the  diameter  of  the 
cylinder  or  length  of  the  stroke  may  he. 

In  the  foregoing  calculations,  condensation  in  the  cylinder  has  not 
been  taken  into  consideration  ;  it  will,  of  course,  be  greater  in  pro- 
portion to  the  cut-off"  being  smaller,  but  the  diff'erence  to  me  seems  to 
be  trifling,  and  will  cause  but  little  alteration  in  the  above  calculations 
of  per  centage. 

And  now,  having  arrived  at  a  point  from  which  we  are  enabled  to 
deduce  certain  elements,  the  subjoined  are  submitted  : — 

1st.  The  pressure  of  steam  in  the  cylinder  at  the  end  of  the  stroke, 
when  cut  off"  at  any  point  during  the  stroke,  is  smaller  than  the  pro- 
portion to  the  full  pressure ;  and  this  diff'erence  becomes  greater,  first, 
with  the  increase  of  pressure,  and  secondly,  with  the  decrease  of  cut- 
ting off". 

2(1.  The  per  centage  of  mechanical  eff'ect  between  that  of  full  stroke 
and  that  of  cutting  off"  at  any  point  of  the  stroke,  remains  the  same, 
the  cylinder  being  large  or  small,  the  stroke  long  or  short,  as  long  as 
the  pressure  is  the  same. 

3d.  The  greater  the  pressure  the  greater  the  per  centage  of  me- 
chanical eff'ect  in  high  pressure  engines,  under  all  circumstances.  (The 
relations  seem  to  be  diff"erent  in  low  pressure  engines,  which  I  propose 
to  discuss  at  a  future  time.) 

4th.  The  greater  the  pressure,  the  greater  the  relative  per  centage 
between  the  full  stroke  and  the  cut-off  system. 

5th.  There  is  no  such  thing  as  a  greater  mechanical  eff'ect  in  the 
same  cylinder  and  at  the  same  pressure,  when  cut-offs  are  used  instead 
of  full  steam  during  the  whole  stroke;  but,  on  the  contrary,  theie  is 
a  proportionate  and  not  inconsiderable  falling  off"  of  mechanical  eff'ect 
when  the  former  is  used,  notwithstanding  all  that  has  been  or  may  be 
said  to  the  contrary,  and  this  difference  becomes  greater  with  a  lesser 
pressure. 
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6tli.  Tlio  same  nnionnt  of  steam,  niidcr  the  same  pressure,  In  tlie 
same  cylinder,  used  Avith  cut-oils  instead  of  following  full  stroke,  "will 
produce  a  greater  mechanical  effect,  but  it  requires  a  greater  space  of 
time  ;  it  being  in  the  satne  proportion  as  the  relative  per  cental e  be- 
tAveen  full  stroke  and  cut-ofts,  or  vice  versa.  During  the  same  space 
of  time,  when  cut-ofts  are  used,  and  using  a  proportionate  increase  of 
pressure  representing  a  greater  volume  of  steam,  the  same  mechanical 
cftcct  will  be  obtained  as  that  in  following  full  stroke  with  a  lesser 
amount  of  steam  ;  or  during  the  same  space  of  time,  and  with  the 
same  amount  of  steam  at  a  proportionate  higher  pressure,  a  greater 
mechanical  effect  will  be  obtained  in  usinff  cut-off's  as  in  followino-  full 
stroke. 

And  now,  allow  me  to  remark,  that  here  we  have  a  full  explanation 
of  what  has  been  asserted,  that  the  mechanical  effect  in  changing  the 
full  stroke  to  any  part  of  the  cut-off',  during  the  working  of  the  en- 
gine, was  found  to  be  greater  in  the  latter  case  than  in  the  former. 

Suppose  we  have  the  same  engine  as  that  from  wdiich  we  drew  our 
first  deductions,  i.  e.,  200  square  inches  area,  6  feet  stroke,  and  60  lbs. 
pressure.  Then  we  will  have,  as  shown,  a  clear  mechanical  eff'ect  of 
51,300  lbs.,  or  71 J  per  cent,  of  the  power  exerted  by  the  steam.  I 
have  further  showm,  that  when  the  feeding  of  steam  is  cut-off"  at  one- 
half  stroke,  we  have  a  clear  mechanical  eff'ect  of  41,709  lbs.,  or  57*93 
per  cent.,  or  with  the  same  amount  of  steam  used  at  full  stroke, 
83,418  lbs.  eff'ect,  or  115*86  per  cent.  The  fire  or  the  production  of 
heat  not  being  changed  in  using  the  cut-off",  it  is  evident  that  with 
each  stroke  of  the  engine,  4^  cubic  feet  of  steam  will  be  used  less 
than  before,  the  production  remaining  the  same :  and  now  let  us  take 
the  steam  space  at  100  cubic  feet,  and  the  engine  running  only  12 
revolutions  per  minute,  and  -we  have  the  startling  result  that,  in  less 
than  one  minute,  the  pressure  in  the  boiler  will  be  found  to  be  at  100 
lbs.  per  square  inch,  provided  the  safety  valve  be  loaded  to  that  amount; 
and  its  clear  eff'ect  will  be  83,300  lbs.  lifted  one  foot,  or  115*69  per 
cent.,  instead  of  71J  per  cent,  wdien  full  stroke  was  used.  But  when 
the  safety  valve  remains  loaded  with  60  lbs.  in  working  order,  and  its 
orifice  is  proportionate  to  the  production  of  all  the  steam,  then,  gen- 
tlemen, there  is  no  such  thing  as  the  engine  beginning  to  jump,  or  at- 
tempting to  "run  away;  "  but,  on  the  contrary,  its  speed  will  fall  off" 
almost  immediately,  until  not  more  than  57*93  per  cent,  of  the  former 
71 J  per  cent,  will  remain. 

7th.  From  the  above  deductions,  drawn  from  calculations,  we  now 
arrive  at  the  conclusion  that  a  much  greater  mechanical  effect  is  at- 
tained in  using  cut-off's  instead  of  following  full  stroke,  when  the  same 
volume  of  steam  is  used,  or  the  same  eff'ect  is  attained  with  a  lesser 
volume  of  steam  :  the  consequence  is,  that  the  production  of  a  lesser 
volume  of  steam,  requiring  a  lesser  quantity  of  heat,  the  same  me- 
chani<)al  eff'ect,  in  using  cut-off's  instead  of  following  full  stroke,  is 
attained  with  a  lesser  amount  of  coal,  all  conditions  being  otherwise 
equal.  Therefore,  let  me  add,  go  ahead,  busy  inventors,  and  give  us 
an  improved  cut-off,  that  will  answer  our  purposes  well,  and  give  satis- 
faction to  all. 
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Strc)}ffth  of  ]\f(iti'n'als :  1)cm1uc((1  from  tlic  latest  exporimonlR  of  Bar- 
low, Bucliaiian,  Fairbairn,  llod«;kiiison,  !StC'i)iiciison,  Major  Wade, 
U.  S.  Oriliiancc  Corps,  and  others.  By  CllAS.  II.  llAiSWELL,  Civil 
and  Marino  Engineer. 

No.  2. 

(Cotitinuoil  from  page  343.) 

Transverse  Strength. 
The  Transverse  or  Lateral  Strength  of  any  Beam^  Rod,,  Bar,  ^c, 
ij-c,  (fc,  is  in  proportion  to  the  product  of  its  breadth,  and  the  square 
of  its  depth  ;  and  in  like  sided   beams,  bars,  &c.,  it  is  as  the  cube  of 
the  side,  and  in  cylinders  as  the  diameter  of  the  section. 

Tr//<:'?i  one  end  is  Fixed  and  the  other  jjroject in g,  the  strength  is  in- 
versely as  the  distance  of  the  weight  from  the  section  acted  upon  ;  and 
the  strain  upon  any  section  is  directly  as  the  distance  of  the  weight 
from  that  section. 

When  both  ends  are  Supported,  only,  the  strength  is  four  times 
greater  for  an  equal  length,  when  the  weight  is  applied  in  the  middle 
between  the  supports,  than  if  one  end  only  is  fixed. 

When  both  ends  are  Fixed,  tlie  strength  is  six  times  greater  for  an 
equal  length,  when  the  weight  is  applied  in  the  middle,  than  if  one 
end  only  is  fixed. 

The  strength  of  any  rod,  bar,  .&c.,  &c.,  to  support  a  weight  in  the 
centre  of  it,  tvhen  the  ends  rest  merely  upon  two  supports,  compared 
to  one  ivlien  the  ends  are  fixed,  is  as  2  to  3. 

When  the  Weight  or  Strain  is  uniformly  distributed,  the  weight  or 
strain  that  can  be  supported,  compared  with  that  when  the  weight  or 
strain  is  applied  at  one  end  or  in  the  middle  between  the  supports,  is 
as  2  to  1. 

In  Metals,  the  greater  the  dimension  of  the  side  of  a  beam,  &c., 
or  the  diameter  of  a  cylinder,  the  less  its  proportionate  transverse 
strength. 

The  strength  of  a  Cylinder,  compared  to  a  Square  of  like  diameter 
and  sides,  is  as  4*71  to  8. 

The  strength  of  a  IIolloiv  cylinder  is  to  that  of  a  Solid  cylinder,  of 
the  same  length  and  quantity  of  matter,  as  the  greater  diameter  of 
the  former  is  to  the  diameter  of  the  latter ;  and  the  strength  of  hol- 
hiv  cylinders,  of  the  same  length,  weight,  and  material,  is  as  their 
greatest  diameters. 

The  strength  of  an  Equilateral  Triangle,  having  an  edge  up,  com- 
pared t^  a  Square  of  the  same  area,  is  as  22  to  27 ;  and  the  strength 
of  an  equilateral  triangle,  having  an  edge  doivn,  compared  to  one,  an 
edge  up,  is  as  38  to  23. 

Vol.  XL.— Third  Series No.  6.— December,  1860.  33 


38G  Mechanics  J  Physics,  and  Chemistry, 

Note. — Tn  these  couiparlsons  the  beam  or  bar  is  considered  as  one 
end  being  fixed,  the  weight  suspended  from  tlie  other.  In  Barlow, 
and  other  authors,  the  comparison  is  made  when  the  bar  or  beam  rested 
upon  supports.     Hence,  the  stress  is  contrariwise. 

Dctrusion  is  the  resistance  that  the  partieh^s  or  fibres  of  materials 
oppose  to  their  sliding  on  each  other,  under  a  dctrusive  strain.  Punch- 
ing and  shearing  are  dctrusive  strains. 

Deflection. — When  a  beam,  bar,  &c.,  &c.,  is  deflected  by  a  cross 
strain,  the  side  of  the  bar,  &c.,  which  is  bounded  by  the  concave  sur- 
face is  compressed  and  the  opposite  side  is  extended. 

The  Neutral  Line,  ov  Axis  of  Equilibrium,  is  the  line  at  which  ex- 
tension terminates  and  compression  begins. 

In  Stones  and  Cast  metals,  the  resistance  to  compression  is  greater 
than  the  resistance  to  extension. 

In  Woods,  the  resistance  to  extension  is  greater  than  the  resistance 
to  compression. 

The  general  law  regarding  deflection  is,  that  it  increases,  cceteris 
jyarihus,  directly  as  the  cube  of  the  length  of  the  rod,  bar,  &;c.,  and 
inversely,  as  the  breadth  and  cube  of  the  depth. 

The  Resilience  or  toughness  of  a  body,  is  a  combination  of  flexibil- 
ity and  strength. 

The  resistance  of  Flexure  of  a  body  at  its  cross  section  is  very 
nearly  nine-tenths  of  its  tensile  resistance. 

Relative  Stiffness  of  materials  to  resist  a  transverse  strain  : — 
AYrought  Iron,  1-3  Oak,  -095 

Cast  Iron,  .    1*  Ash,  '080 

White  Pine,  1-  Beech,  -073 

Yellow  Pine,  -087         Elm,  -073 

The  strength  of  a  Rectangular  Beam  in  an  Inclined  position  to  re- 
sist a  vertical  stress,  is  to  its  strength  in  a  horizontal  position,  as  the 
square  of  radius,  to  the  square  of  the  cosine  of  elevation  ;  that  is: — 
as  the  square  of  the  length  of  the  beam,  to  the  square  of  the  distance 
between  its  points  of  support,  measured  upon  a  horizontal  plane. 

Beams  of  cast  metal,  having  small  dimensions,  are  stronger  pro  rata 
than  those  having  larger  dimensions,  in  consequence  of  their  having 
a  greater  proportion  of  chilled  surface  compared  to  their  elements  of 
strength  resulting  from  dimensions  alone. 

Experiments  upon  bars  of  cast  iron,  1,  2,  and  3  inches  square,  give 
a  result  of  447,  348,  and  338  ibs.,  respectively ;  being  in  the  ratio  of 
1-,  -78,  and  -756. 

The  strongest  rectangular  beam  that  can  be  cut  of  a  cylinder,  is 
one  of  which  the  squares  of  the  breadth  and  depth  of  it,  and  the  dia- 
meter of  the  cylinder,  are  as  1,  2,  and  3,  respectively. 
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Tablk  of  the  TuANSVEnsE  8T«F.N0Tir  OF  MATEriiALS  :  Deduced  from  the  experimenlii 
of  U.  S.  Ordnance  Department,  Uarlow,  Kennie,  Stephenson,  IIodf-kiriHon,  Fairliairn, 
Pasley,  Hatfield,  and  ilie  Author,  and  reduced  to  a  uniform  nieaHure  of  One  Inch 
Sf^unre,  and  Our  Foot  in  Lcni^f/t  ,■    W'ciu^/it  Suspended  /rum  one  end. 


Mateuials. 

1 

I 

8j)eciric 
gravity. 

Breaking 
weight. 

Weight 

borne  while 
the  elas- 
ticity was 
perlecL 

Value  of 
W 

for  grnrral 
use. 

WooUri. 

Teak, 

•745 

206  lbs. 

05  5  lbs. 

60 

Oak,  English    . 

•934 

140 

43-8 

35 

do       superior 

•748 

188 

45 

Canadian                   . 

•872 

146 

49-5 

36 

American     do 

230 

60 

DiHitzic    . 

•756 

122 

43-8 

30 

1                African 

•983 

209 

50 

Ash, 

•760 

168 

495 

55 

Beech, 

•696 

130 

33- 

32 

Birch, 

•711 

160 

40 

Elm,          .                 .                 A 

•553 

82 

27-5 

25 

170 

45- 

40 

Pitch  Pine, 

•660 

136 

33- 

45 

American                . 

•777 

160 

50 

White  Pine,      . 

•553 

92 

33^ 

30 

American 

130 

45 

Riga  Fir, 

•753 

94 

27-5 

30 

Norway  Pine, 

•577 

123 

44. 

40 

Locust, 

•936 

295 

100 

Deal,  Christiana 

•698 

137 

45 

Larch, 

•556 

93 

33- 

25 

White  wood, 

116 

38 

Maple, 

202 

65 

Hickory    . 

250 

55 

Chestnut 

160 

53 

Riga  Fir,  Wet 

•632 

107 

30 

Dry   . 

•330 

96 

30 

Metals. 

1  means  of 
1     Cast  Iron,            J  five  divi-     . 
American,             j  sions  of       | 
grades. 

7-087 
7-182 
7-246 
7-270 

507 
632 
733 
762 

125  to  160 
155       210  j 

180       240  j 
190       250  1 

7-340 

772 

192       250  i 

Mean  by  Maj.  Wade 

7-225 

681 

170       225  ' 

West  Pt.  Found,  extreme 

980 

250       325 

English, — Low  Moor 

■ 

Cold  blast 

7-055 

472] 
447  , 
443  1 

Gartsherrie,      Hot       "     . 

7-017 

110       140 

Carron,              Cold     " 

7-094 

Muirkirk,          Hot      "     . 

6953 

418J 

Ponkey,             Cold     « 

7-122 

581 

145        190 

Hot  blast,  mean 

500 

125        165 

Cold     " 

516 

130       170 

Ystalyfera.  cold  blast 

770 

195       255 

Mean  of  65  kinds,     . 

500 

125        165 
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Weight     1 

borne  while' 

Value  of 

Materials. 

Specific 

Breaking 

the  elas- 

W 

gravity. 

weight. 

ticity  was 

for  general 

perfect. 

use. 

Mktalh  (Continued). 

Steel,  greatest 

7-8G2 

1918 

Permanent 

bend. 

400  to  500 

WROur.nr  Iron 

C  700  ) 

American 

1500 

\  050  > 
(  600  ) 

1 

160       210 

English 

1000 

400 

100        130 

i( 

1080 

520 

130        170 

« 

1200 

550 

135        180 

Swedish* 

665 

165       220 

English,      the  stress 

5 

set.  -001  in. 

) 

180       240 

applied  horizontally, 

\ 

190 

\ 

Mixture  of  Cast  and  Wrought 

luox,  &c. 

Cast  Iron,  Blaenarvon 

575 

145 

do           10  pr.  ct.  of  wrought 

703 

175 

20 

842 

210 

30             «« 

920 

230 

40 

767 

195 

50 

727 

185 

and  2^  per  cent,  of  Nickel,  > 

693 

173 

mean      \ 

750 

188 

Stirling,  2d  quality 

623 

154 

3d 

499 

125 

Stones  (American). 

Flagging,  Blue 

2-707 

31- 

Freestone,  Little  Falls,  N.  Y., 

2326 

24- 

Belleville,  N.  J.,       • 

2-300 

(20-1 
1  17-8 

Connecticut 

2-462 

13- 

Dorchester 

2-289 

10-8 

Aubigny, 

2-472 

9-3 

Caen 

2-218 

61 

Granite,  blue,  coarse 

2-604 

18- 

Quincy,  Mass.,   . 

2-658 

26- 

Stones  (English). 

Yorkshire  Blue  Stone, 

26- 

Paving, 

10-4 

Landing, 

22-5 

Caithness  Paving,  Scotland 

68- 

Valentia           do.,    Ireland 

68-5 

Welsh              do., 

157- 

Arbroath, 

17- 

Craigleith  Sandstone, 

2-266 

10-7 

Hailes,                         .                  . 

7-4 

Felling, 

7-5 

Kentish  Rag,             ,                 , 

35-8 

Cornish  Granite,                 * 

22- 

Portland  Oolite, 

2145 

21-2 

Bath, 

5-2 

Bangor  Slate, 

90- 

Llangollen  do.. 

43' 

*  With  810  as.  the  deflection  waa  1  inch,  and  the  elasticity  of  the  metal  destroyed. 
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•  C0NCRKTE8  (English). 

A^rrthaw  fiino  I,  pravcl  7, 
IIy«lr:)ulic'  lime  uml  ^ruvcl  (old). 
Fire  brick  beam,  Portland  cement,    . 

do,  (iand  3  parts,  lime  1  part,     . 

Ckmknth  (J-IngliHh). 

Portland,  .  •  • 

do  1  part,  sand  2  parts,  . 

Blue  clay  5  pans,  chalk  4  parts,         «  . 

Blue  clay  and  chalk, 

Bricks  (Englibh). 
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Breaking  weight. 
•8 
2- 
.       31 
•7 


Sheppy, 


Fire  brick. 

Stock  brick,  well  burned,  .                           .                           .58 

do           inferior  burned,  .                           .                           .                     2  5 

Old  brick,      ;  (91 

New     "         \  English,                                             ]  10-7 

Best  stock,    )  (11-8 

Comparative  Tuaxsverse  Strexotii  of  a  Prism  of  Lime  and  Cement  mixkd  with 

VARIOUS    PRKPARATIONS    OF    GrAVEL    AND    SaNI)    (Sir  C.   W.  PaSLKY). 

One  Inch  Square,  and  One  Foot  in  Length,  the  Weight  being  Suspended  from  one  end. 


Mixture. 

Days 
immersed  in 

Age  in 

Breaking 

water. 

days. 

wci   'it. 

Chalk  lime  1,  Sand  3-25, 

, 

19 

396 

•81  lbs.  i 

,         ,     Gravel  3,  ) 

do       1,   t,       ,      .    > 

Sand     4,  ) 

m 

446 

•156 

,         ,     Gravel  6,  ) 

do       1,  .,      ,     0   ^                  . 
'  Sand     3,  ^ 

. 

32 

446 

•39 

Hailing  lime  1,  Sand  3, 

. 

342 

1-40 

,              ,     Gravel  4,  ) 

do           1>  C3      1     0   r 
'  Sand     2,  3 

• 

18 

457 

1-62 

,              ,     Gravel  6,  ) 
^°           ^'  Sand,    3,5     • 

• 

32 

453 

1-43 

Tji      T  •      1-       1     Gravel  6,  > 

Blue  Lias  lime  1,  0      1     0   J- 

band     3,  ) 

. 

345 

•80 

Rosehill  lime  1,  Sand  2, 

, 

342 

1-56 

Sheppy  and  Harwich  Cements  1,  and 

Gravel   1-5,  ) 
Sand     2-0,  J 

385 

•93 

Chalk         5,  I                   Gravel   1-5,  \ 
Blue  clay   2,^                    Sand      2-0,  J 

385 

•156 

Chalk         5,  )                   Gravel  5,  ) 
Blue  clay  2,  $                   Sand     2,  } 

439 

•41 

Chalk         5,  )                   Gravel  3,  ) 
Blue  clay   1,  ^                   Sand     4,  > 

18 

431 

•76 

Chalk         5,  )                   Gravel  6,  > 
Blue  clay  1,  >                  Sand     2,  S 

18 

431 

1-03 

Chalk         6,  }                   Gravel  5,  > 
Blue  clay   1,  ^                   Sand      4,  ) 

16 

429 

•45 

Chalk    '     7,  }                   Gravel  5,  ) 
Blue  clay    I,  )                    Sand      4,  ^ 

16 

429 

•44 

Chalk  lime  1,               Screened  ballast 

5, 

270 

M2 

do       1,                              do 

10, 

256 

•27 

Hailing  lime   1,                          do 

3, 

270 

1-40 

do           1,                          do 

10, 

270 

•42 

Blue  Lias  lime  ],                        Ballast, 

6. 

239 

1-08 

do             1,                              do 

10, 

268 

•33 

Sheppy  &  Harwich  Cements  1,    do 

2, 

143 

1-04 

do                          1,    do 

7, 

234 

•12 

33« 
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TxnLK  OF  THE  Transveusic  Strength  ok  Cast  Iron  Bars  and  Oak  Beams  of 

Various  Fkujkks, 

Having  a  Uniform  Sectional  Area  of  One  St/uare  Inch,  One  Foot  in  Length,  Fixed  at 

one  end,  \Veiij;hi  Suspended  fnim  the  other. 


FonM  OP  IJ.vu  oil  Ukam. 
Cast  Iron.     ^H    Square, 


♦ 


do,     diagonal  vertical, 
Cylinder, 


Dreakixo  weight. 
.       673  lbs. 

668 
.       573 


Hollow  Cylinder,  greater  diameter  twice  that  of  less,  794 


Rectangular,  2  ins  deep'X  h  •".  thick, 
do  3         "        X  ^         " 

do  4         "        X  i         " 

Equilateral  triangle,  an  edge  up, 

do,  an  edge  down, 


I        2  ins.  deep  X  2  ins.  wide  X  '268  ins.  thick, 

•     I    ^ 

'    I    ~  ti  («  ti 

^*^'  ^Ml    Equilateral  triangle,  an  edge  up, 


do, 


an  edge  down, 


1456 
2392 
2652 

560 

958 

2068 
555 
114 
130 


Table  of  the  Transverse  Strength:  of  Solid  and  Hollow  Cylinders  op  Various 

Materials, 
One  Foot  in  Length,  Weight  Suspended  from  one  end. 


Breaking  weight  for 

Solid 

Hollow 

Breaking 

1  inch  external  dia- 

Materials. 

Specific 

external 

internal 

weight  in 

meter,  and   propor- 

gravity. 

diameter 

diameter 

lbs. 

tionate  internal  dia- 

in inches. 

in  inches. 

meter. 

VV^ooDS  (English). 

Fir,*         . 

•588 

2- 

772 

97 

Ash, 

•690 

2- 

685 

86 

« 

•580 

2- 

1- 

604 

75 

« 

•601 

2^ 

•75 

625 

78 

«             ^                 , 

•586 

2- 

•50 

636 

79 

White  Pine,  American 

1- 

75 

75 

it 

2- 

610 

76 

Metals. 

Cast  iron,  cold  blast 

3- 

12,000 

444 

Stone  Ware. 

Rolled  pipe  of  fine  clay. 

2-87 

1-928 

190 

8 

^  An  inch  square  batten  from  the  same  plank  as  this  specimen,  broke  at  139  fi>9. 
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Result  of  Experiments  on  the  Tk ansveuse  SruEN(;Tii  of  Sc.vrpiied  Battens 

{\\\]liA)\\  .) 

Battens  4  feet  in  length.  Fixed  at  One  end,  and  Loaded  at  t/tr  ot/nr. 
[AWe. —  Dimei)Hioi)b  of  battens  tiot  given.J 


Sonrph,  \'2  iiuln-K  in  Icnjrth, 

smnll    nui    U|),  and   one   iiuli 

I3r(iko    ill    the    nrrk    of   the 

from  face  of  Julcruin, 

scarph,  cU)so  to  the  fulcrum, 

87  jbu. 

Scarpli,  12  inches  in  lonp;th, 

large   end    up,   luui    one   inch 

Fastcninns  of  small  end  uf 

from  face  of  fulcrum, 

scarph  drew  out, 

101 

Scarph,  vertical, 

Broke  in  the  scarph,      . 

211 

(To  I)e  Continued.) 


The  Cf/Undrical  Spiral  Boiler  *  By  Jonx  Elder. 

The  object  of  the  construction  of  this  boiler  is  to  obtain  a  form  with 
all  the  useful  properties  of  the  simple  cylindrical  high-pressure  boiler 
on  shore,  adapted  to  steamships.  The  following  advantages  appear  to 
be  attained  over  the  ordinary  marine  boiler,  namely: 

1.  A  form  of  boiler  capable  of  carrying  higher  pressure  and  present- 
ing more  heating  surface,  and  of  a  more  effective  description,  from  a 
given  weight  of  material. 

2.  A  boiler  capable  of  being  easier  cleaned  and  repaired  in  both 
water  and  fire  spaces. 

3.  A  boiler  capable  of  producing  superheated  steam  to  any  practical 
temperature. 

4.  A  less  average  specific  gravity  of  water  whilst  working  at  sea 
with  the  usual  amount  of  feed  and  blow-off,  and  a  more  perfect  com- 
bustion-chamber, and  better  formation  of  flue  surface. 

5.  The  pressure  being  altogether  internal,  it  is  not  liable  to  collapse, 
a  danger  lately  ably  demonstrated  by  Mr.  Fairbairn  ;  and  as  the  di- 
ameter of  the  various  cylinders  are  reduced  to  the  minimum  size  for 
permitting  the  tradesmen  to  pass  through,  clean  and  repair  them,  the 
boiler  when  formed  of  ordinary  thickness  possesses  enormous  strength 
without  stays. 

6.  The  expense  of  the  boiler  per  square  foot  of  heating  surface  is 
about  the  same  as  the  ordinary  boiler,  and  is  capable  of  carrying  five 
times  the  pressure. 

The  general  construction  of  this  boiler  is  as  follows : — There  are 
twenty-four  round  boilers  or  tubes,  of  not  less  than  19  inches  diameter 
each,  twenty-two  of  these  forming,  when  bound  together,  a  cylindrical 
vertical  shell;  the  twenty-third,  a  centre  boiler  concentric  to  that 
shell;  and  the  twenty-fourth,  a  spiral  coil-boiler  winding  spirally  round 

*  From  the  London  Civ.  Eng.  and  Arch.  Jour.,  September,  1860. 
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hotwecii  the  centre  ])oil('r  and  those  coinposinfr  the  circumference  shell. 
Tliese  hollers  contain  tlie  water,  and  the  spaces  l)et\ve(!n  them  the  fire. 

The  feed-water  passes  first  into  the  spiral  compartment,  or  No.  24, 
and  from  it  into  the  centre  compartment,  or  No.  23,  and  into  each  in 
rotation,  and  hlows  off  at  the  last  compartment,  or  No.  1,  thus  ren- 
derin«^  the  water  in  No.  24  nearly  pure  sea- water,  and  gradually  from 
comi)artment  to  comf)artment  more  dense,  till  it  hlows  oft"  at  No  1  at 
the  usual  density,  and  thus  makes  the  average  specific  gravity  of  the 
"water  less  than  usual. 

The  twenty-two  outside  boilers  are  24  feet  long,  19  inches  diameter, 
and  ,'''jj-inch  thick  ;  the  bottom  ends  are  conical  for  3  feet,  and  knce'd 
outwardly  to  give  a  larger  diameter  of  furnace,  say  12  feet  diameter. 
There  is  a  furnace  door  for  every  alternate  tube,  or  say  11  furnace 
doors,  equally  divided  round  the  base  of  the  boiler,  giving  great  fa- 
cility to  the  firemen  for  doing  their  work  efficiently.  In  firing  it  is 
proposed  to  charge  all  the  fresh  coal  round  the  circumference  of  the 
fire,  in  order  that  the  hydrogen  of  the  coal  may  be  consumed  separately 
from  the  carbon;  and  as  the  furnace  has  great  altitude,  the  combus- 
tion will  be  completed  in  vertical  flames  from  the  coals,  and  will  thus 
prevent  the  carbonic  acid  gas  given  out  from  the  combustion  of  the  car- 
bon coming  so  much  in  contact  with  and  preventing  the  combustion  of 
the  hydrogen,  as  is  usual  in  ordinary  furnaces. 

The  centre  compartment,  or  No.  23,  is  30  feet  long,  34  inches  di- 
ameter, and  f-inch  thick,  with  3  feet  at  the  bottom  and  top  conically 
reduced  to  18  inches  diameter,  forming  a  man-hole  door ;  the  upper 
end  of  this  vertical  tube  forms  a  reservoir  for  the  steam  of  the  whole 
tw^enty-four  compartments,  and  acts  as  a  superheating  apparatus,  and 
may  be  carried  up  the  funnel  to  the  extent  necessary  to  superheat  the 
steam  to  400°.  The  steam-pipe  is  taken  from  the  top  of  this  boiler 
to  the  safety-valve  chest,  fastened  on  the  front  of  the  boiler  low  down, 
which  serves  as  a  water-trap  during  the  discharge  from  the  safety- 
valve  chest,  the  steam-pipe  to  the  engines  being  taken  oft"  the  same 
pipe  at  a  higher  level  than  the  escape  steam.  The  spiral  compartment, 
or  No.  24,  is  about  100  feet  long,  34  inches  diameter,  and  f-inch  thick, 
made  of  the  best  iron  boiler-plate :  the  ends  are  conical  for  3  feet  formed 
into  man-hole  doors  ;  this  spiral  boiler  makes  four  or  five  convolutions 
close  round  the  centre  one,  and  is  bound  close  to  the  circumferential 
boilers  by  hollow  stay-bolts,  and  fastened  to  the  centre  one  at  each 
end  only;  in  the  same  manner  the  steam  and  water  flows  through  the 
whole  boiler  by  these  hollow  bolts  or  rivets,  and  completes  the  entire 
circulation  of  water  and  steam.  The  w^hole  of  these  24  compartments 
or  boilers  terminate  at  the  bottom  about  1  foot  below  the  fire-grate, 
and  are  supported  on  six  stanchions  from  the  ash-pit  beneath,  making 
a  free  passage  for  the  air  under  the  grate  bar ;  the  circumferential 
compartments  or  boilers  terminate  at  the  top  6  feet  above  the  ship's 
deck,  and  have  each  a  man-hole  door  forming  the  cover  ;  the  funnel  is 
made  conical  at  the  bottom  to  embrace  the  internal  diameter  of  the 
boiler  shell  and  draw  off"  the  smoke  in  the  usual  manner.  This  com- 
pletes the  whole  boiler  proper,  but  in  order  to  prevent  radiation  of  heat, 
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a  tliln  outer  casing  of  iron  is  made  (9  inches)  clear  of  the  Loiler  all 
round,  ti'rniiuatint:^  about  7  feet  from  the  Htoke-hoU'  Door;  and  above,  at 
tlic  lovol  of  the  galley  or  funnel-house,  this  casing  is  lined  with  fcdt  and 
thin  wood,  to  keep  the  deck  and  the  adjacent  parts  cool  and  retain  the 
heat.  The  twenty-two  straight  cylindrical  boilers  or  compartments  are 
constructed  in  the  sides  by  f«tur  ])lates  24  feet  long  and  l(j  inches  broad, 
rolled  to  a  9}, -inch  radius  curve  at  the  iron  works,  leaving  no  plate- 
setting  for  the  boiler-maker  of  this  description. 

The  plates  of  boiler  No.  24,  or  the  spiral  compartment,  are  delivered 
flat  by  the  iron-maker,  and  are  bent  to  the  spiral  curve  by  one  blow 
of  a  large  spiral  concave  block  falling  upon  a  counterpart  convex  one, 
prepared  by  the  constructors  of  the  boiler.  This  operation  has  been 
found  to  simplify  the  making  of  this  spiral  cylindrical  boiler  to  about 
the  same  amount  as  the  straight  cylindrical  boilers.  The  conical  ends 
are  bent  in  the  same  manner  as  the  spiral  plates,  and  the  whole  work 
of  plate-bending  reduced  as  far  as  possible  to  machine  work.  The 
products  of  combustion,  after  leaving  the  furnace,  have  to  travel  spi- 
rally upwards  a  distance  of  100  feet,  and  must  of  necessity  be  contin- 
ually rotating  during  that  time,  and  prevent  the  possibility  of  any  por- 
tion passing  off  without  being  brought  frequently  in  contact  with  the 
heating  surface  of  the  boiler,  and  will  therefore  be  cooled  down  to  the 
minimum  temperature  compatible  with  a  given  amount  of  cooling  sur- 
face, or  the  greatest  quantity  of  heat  extracted  from  the  products  of 
combustion  before  their  escape  to  the  atmosphere. 

This  spiral  coil  and  all  the  heating  surfaces  will  keep  more  clear  of 
flue-dust  than  usual,  and  will  consequently  be  more  efficient  in  that 
respect,  as  well  as  save  the  usual  trouble  and  loss  by  spunging  expe- 
rienced in  the  ordinary  tubular  boilers  at  sea.  Also,  as  the  products 
of  combustion  must  pass  off  at  the  rate  of  at  least  7  feet  per  second, 
in  this  as  in  ordinary  boilers,  it  will  take  up^'ards  of  14  seconds  from 
the  time  it  leaves  the  furnace  till  it  arrives  at  the  top  of  the  boiler ; 
•whilst  if  the  boiler  were  of  the  ordinary  tubular  type  it  would  pass  in 
about  two  seconds  alonoj  the  whole  heatin^]:  surface  of  the  boiler :  the 
gas  has,  therefore,  seven  times  more  time  to  give  out  its  heat,  and  its 
revolving  tendency  will  not  admit  of  the  same  stratum  of  gas  passing 
along  the  passages  after  it  is  cooled  down,  as  is  the  case  with  the  ordi- 
nary boiler,  but  will  bring  the  hot  products  of  combustion  usually  oc- 
cupying the  centre  of  the  tubes  of  a  tubular  boiler  into  contact  with 
the  cooling  surfaces,  and  reduce  the  whole  products  of  combustion  to 
one  temperature  before  entering  the  chimney. 

In  cleaning  the  salt  or  sludge  out  of  these  boilers  the  man  and  sludge 
hole  doors  are  taken  off  the  top  and  bottom  (and  the  hose  of  fresh 
water  may  be  played  down  through  from  the  top,  and  the  refuse  run 
out  at  the  bottom).  The  man  in  charge  can  also  pass  down  through 
the  w^hole  boiler;  the  dimensions  necessary  for  this  purpose  being  made 
the  minimum  and  maximum  of  the  various  compartments  of  the  boiler; 
and  are  specially  constructed  to  maintain  to  the  engines  steam  at  a 
much  higher  pressure  than  usual,  in  order  to  admit  of  a  much  larger 
amount  of  expansion  to  be  developed  by  the  engines,  which  are  all  on 
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the  double  cylinder  expansive  principle.  The  constructors  arc  now 
making  the  boilers  for  three  steamships  on  this  principle,  two  of 
which  are  for  carrying  Her  Majesty's  mails  on  the  l^acific  between 
Valparaiso  and  Panama  (as  described  by  the  writer  at  the  meeting 
of  the  British  Association  at  Leeds) ;  and  it  has  long  been  his  de- 
sire to  be  able  to  construct  boilers  for  marine  purposes  without  stays, 
and  with  no  surface  exposed  to  the  collapsing  tendency,  which  in  so 
many  cases  has  been  the  cause  of  loss  of  life  aboard  of  steam-ships. 
Tlie  boilers  now  described  have  no  large  flat  surfaces  and  no  stays, 
the  whole  tendency  of  the  pressures  being  to  inflate  the  boiler  plates, 
and,  if  possible,  to  give  them  a  stronger  form ;  the  smallest  diame- 
ter is  large  enough  to  give  access  to  the  men  in  charge,  and  the  largest 
diameter  is  34  inches,  and  §-inch  thick, — dimensions  that  can  carry 
several  hundred  pounds  pressure  on  the  square  inch  before  rupture 
could  take  place.  Such  a  form  the  writer  adopts  with  great  satisfac- 
tion to  himself  as  a  constructor  sending  machinery  abroad,  where  the 
usual  form  of  boiler  gives  him  considerable  anxiety.  In  comparing 
the  construction  of  this  boiler  with  that  of  the  ordinary  tubular  one, 
in  the  latter  angle-iron  ribs  and  stays  now  compose  a  large  portion 
of  the  weight  and  expense  ;  contribute  no  heating  surfaces ;  and  if 
one  stay  breaks,  which  is  no  uncommon  occurrence,  the  next  is  placed 
in  great  danger,  and  if  it  gives  way  the  whole  may  follow  in  rotation 
and  a  serious  accident  be  the  result.  In  the  former  boiler,  however, 
the  plates  may  be  reduced  to  a  very  small  amount  of  thickness  by  tear 
and  wear  before  explosion  could  be  expected. 

Having  thus  described  the  objects  of  the  spiral  boiler,  it  might  not 
be  out  of  place  to  give  the  following  statement  of  the  comparative  evap- 
orative power  and  temperature  of  the  gases  in  the  furnace  and  chimney 
of  the  spiral  boiler,  with  three  of  the  ordinary  types  of  boiler  now  in 
general  use. 

Figs.  1,  2,  and  3. 


The  three  types  experimented  upon,  were,  first,  a  common  cylin- 
drical land  boiler  (Figs.  1,  2,  and  3),  33  feet  long,  5  feet  6  inches  di- 
ameter, with  two  round  flues  19  inches  diameter  through  the  centre ; 
this  boiler  had  40  feet  of  heating  surface  to  the  nominal  horse-power 
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of  the  cn<;ine  ;  the  two  flues  contained  20  feet,  and  the  shell  20  feet 
])vr  Tiomiiial  liorso-power  ;   the  furnace  was  hclow  the  }K)ih'r  at  the  foro 
end,  IkhI  a  lire-«irate  of  20  tJ(juare  feet,  the  fire  pasj^ed  undtrncalh  the 
boiler  to  the  opposite  end  from  the  furnace,  and  returned  al<>n;j  the 
sides,  and  then  passed  back   a^ain  throuf;h  the  flues  to  the  chimney. 
The  temperature  above  the  centre  of  the  Are  was  found  to  be,  on  one 
occasion,  3200°;  at  the  top  of  the  bri(l<re  IToO'-";  the  temperature  of 
the  gases  gradually  reduced  as  they  passed  back  the  remaining  length 
of  20  feet  under  the  boiler  and  along  the  side  flues,  till  they  entered 
the  flues  at  110o°,  and  left  them  at  800°.     Thus  the  furnace  contain- 
ing a  surface  of  2  feet  per  nominal  horse-power  reduced  the  heat  about 
1500°,  the  shell  of  the  boiler  behind  the  furnace  of  about  18  feet  per 
nominal  horse-power  reduced  the  temperature  about  000°,  and  the  flues 
containing  a  surface  of  20  feet  per  nominal  horse-power  reduced  the 
temperature  about  350°.     The  temperatures  of  the  gases  in  the  flues 
were  found  to  be  about  the  same  in  the  centre  as  at  the  top ;  but  at 
the  bottom  of  the  flues,  the  temperatures  of  the  gases  were  at  the  fore- 
end  rather  less  than  at  the  top,  but  towards  the  back-end  the  tempe- 
rature of  the  bottom  of  the  flues  reduced  gradually  below  the  tempe- 
rature at  the  top  to  the  extent  of  300°.     Upon  another  occasion  the 
temperature  over  the  centre  of  the  fire  was  found  to  be  3010°;  at  the 
top  of  the  bridge  1739°;  and  the  different  temperatures  of  the  flues 
were  as  indicated  in  Fig.  2,  where  the  average  temperatures  of  the 
flues  at  B^=820°,  b2=879°,  B^=.937°,  B^=9o9°,  and  atB5  =  981. 
The  temperatures  at  the  top  of  the  flues  at  c^=982'',  c^— 1034°,  c^  = 
1087°.     The  temperatures  at  the  bottom  of  the  flues  at  A^=571°,  A^^ 
603°,  A3=r078°,  A^=704°,  a-^=822°.     It  would  therefore   appear 
that,  notwithstanding  the  large  amount  of  surface  in  this  boiler,  the 
evaporative  power  is  very  inferior,  as  the  amount  of  heat  taken  out  of 
the  gases  per  square  foot  of  heating  surface  is  very  small ;  and  the 
natural  conclusion  is  that  the  gases  pass  along  in  straight  lines,  and 
only  the  thin  strata  in  contact  with  the  surface  is  cooled  down.     In 
the  results  of  the  spiral  boiler  (Fig.  0)  three  times  the  quantity  of 
beating  surface  was  found  to  reduce  six  times  the  quantity  of  gas  from 
the  same  temperature  of  3200°  to  a  temperature  of  480°  instead  of 
800°,  showing  that  a  more  complete  turning  over  of  the  gases  is  much 
"wanted  in  our  land  boilers.     The  water  evaporated  per  hour  in  the 
land  boiler  referred  to  was  found  by  meter  to  be  2000  lbs.,  and  the  coal, 
best  Glasgow  quality,  found  to  be  300  lbs.  per  hour  ;  making  about  61- 
Ibs.  of  water  per  pound  of  coal.    During  the  measurement  of  the  water 
evaporated  by  the  meter,  indicator  diagrams  of  the  engine  were  taken 
with  a  view  to  calculate  the  weights  of  steam  by  the  ordinary  method, 
and  the  calculations  were  found  to  agree  with  the  meter ;  these  calcu- 
lations can  be  repeated  and  substantiated  at  any  time. 

The  second  type  of  boiler  tested  was  that  of  the  ordinary  steam- 
boat horizontal  tubular  boiler  (Fig.  4) ;  the  example  chosen  was  one 
in  a  first-class  ocean  steamer.  The  temperature  of  the  furnace  was 
found  to  be  3200°,  and  the  inside  of  the  funnel  about  1100°.  The 
heating  surface  of  this  boiler  was  22  feet  per  nominal  horse-power,  and 
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the  water  ovnporatcd  about  8i  lbs.  per  pound  of  coal  according  to  the 
calculations  fi-om  the  diagrams.  The  coal  consumed  was  about  20  lbs. 
j)er  s((uare  foot  of  fire-grate,  of  tlie  best  Glasgow  coal. 

The  next  example  taken  was  that  of  a  first-class  vertical  tubular 
boiler  (Fig.  T;),  on  Mr.  David  Napier's  [)rincl[)le,  now  universally  liked 
on  the  Clyde  for  river  steamers.     This  boiler  had  a  surface  of  about 
FijT  4.  Fig.  5. 


22  feet  per  nominal  horse-power;  the  temperature  of  the  fire  was  found 
to  be  about  3300°,  and  in  the  funnel  1160°;  the  weight  of  water  evapo- 
rated was  found  by  calculation  to  be  8J  lbs.  per  pound  of  coal  con- 
sumed, and  the  rate  of  combustion  about  20  lbs.  per  square  foot  of  fire- 
grate. 

In  the  spiral  boiler   (Fig.  6)  of  the  San  Carlos^  Guayaquil,  and 
Trim  van  Orange^  the  boilers  were  found  to  give  the  following  pecu- 
Fip;.  6.  liar  results  : — 1st,  that  even  with  Scotch  coal 

there  was  no  smoke  emitted  from  the  chimnev, 
and  no  carelessness  on  the  part  of  the  fireman 
seemed  to  effect  the  formation  of  smoke ;  2d, 
that  the  boilers  showed  a  bright  furnace,  indi- 
cating first-class  draft ;  the  temperature  of  the 
funnel  was  found  to  be  480°  while  the  fire  was 
at  its  greatest  energy.  The  heating  surface 
was,  in  the  case  of  the  San  Carlos  and  Guay- 
aquil^ 2200  square  feet,  the  coal  consumed 
1400  lbs.  per  hour,  and  the  water  evaporated 
11  lbs.  per  pound  of  coal  consumed;  the  fire- 
grate contained  about  76  square  feet,  and  the 
rate  of  combustion  about  20  lbs.  per  square 
foot  of  fire-grate.  The  heating  surface  of  the 
boiler  was  18  feet  per  nominal  horse-power; 
the  coal  consumed  was  Glasgow  best  steam  coal.  The  stoke-hole  was 
found  to  be  remarkably  cool,  and  the  boiler,  which  was  loaded  to  52 
lbs.  on  the  square  inch  steam  pressure,  and  tested  to  150  lbs.  on  the 
equare  inch  vrater  pressure,  was  found  to  be  perfectly  tight.  In  the 
case  of  the  San  Carlos,  I  may  mention  that  the  ship  has  now  steamed 
about  20,000  miles,  and  has  not  been  in  any  port  more  than  three 
days;  during  that  time  she  has  been  consuming  soft  Chili  coal  for  a 
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conisldor.'iMo  part  of  lior  voyago,  and  the  merits  of  the  lonf^  flue  sliow 
a  (Icc'idcil  advantage  in  this  hoih'r  over  the  orilinary  tubular  boiler  for 
the  native  bituminous  eoal  of  South  Ameriea. 

In  order  to  give  in  a  more  extended  form  the  comparative  evapora- 
tive power  of  various  ilue  and  tubuhir  boilers,  the  writer  begs  to  lay 
before  the  Assoeiation  the  aci'onipanyin;:;  table.  It  shows  sevrral  pro- 
])(>rtions  of  iieatin^  surfaee  and  evaporative  power  of  several  sliips  that 
have  eome  under  his  notice.  He  can  certify  the  accuracy  of  most  of 
these  particulars,  except  that  shown  in  the  last  column,  which  is  taken 
from  Professor  Ivankine's  report  on  the  performance  of  the  Thetis. 
This  vessel  has  about  six  times  more  heatin;^  surface  in  her  boilers  iu 
proportion  to  the  coal  consumed  than  any  example  the  writer  is  aware 
of.  The  boiler  is  Craddoek's  patent  boiler,  thou;:h  that  inventor's 
name  appears  rarely  to  be  mentioned  in  connexion  with  tlie  said  vessel. 
Ellicient,  however,  as  this  boiler  must  be  as  an  evaporator,  it  cannot 
possibly  accomplish  the  quantity  shown  in  the  table. 

Comparisons  of  certain  Results  obtained  from  Certified  Diagrams  nf  Steamers, 
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The  theoretical  quantity  of  water  capable  of  being  heated  from  90°, 
and  evaporated  at,  say  212°,  with  an  infinite  quantity  of  heating  sur- 
face and  a  perfect  fire,  is  somewhere  about  13^  lbs.  per  pound  of  coal; 
wliilst  from  the  diagrams  represented  in  Prof.  Rankine's  report  of  the 
Thctii  performance,  18  lbs.  weight  appears  to  be  about  the  quantity 
of  water  per  pound  of  coal.  This  calculation  I  have  made  from  the 
diagrams  published,  and  any  party  interested  may  repeat  the  calcu- 
lations. 

The  calculation  is  made  as  follows  : — The  area  of  the  large  cylinder 
as  shown  in  the  diagram  is  1380  square  inches,  or  9'583  square  feet. 
The  four  revolutions  of  piston  marked  on  the  diagram,  49J,  52,  53, 
and  52  revolutions  per  minute,  with  a  stroke  of  2J  feet,  or  say  258-12 
feet  per  minute,  gives  258-12  x  9-583  x  60  =--^140433  cubic  feet  per  hour. 
And  if  we  take  the  average  pressure  shown  in  the  four  diagrams  at 
the  end  of  the  piston  stroke,  supposing  the  barometer  to  be  14-5  lbs.,  we 
find  the  weight  of  that  steam  to  be  about  44  cubic  feet  per  lb.;  this  num- 
ber, therefo're,  divided  by  44,  gives  the  quantity  of  steam  as  3300  lbs. 
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per  lioiir ;  to  tliis  iiiiist  bo  added  onc-twcnticth  for  contents  of  ports 
and  clearance,  which  makes  34()r)  Ihs.  of  steam. 

Tliis  clearly  n;ives  the  weight  of  the  steam  per  hour  given  out  of  the 
cylinders  after  the  work  is  performed ;  to  this,  therefore,  must  be  a(Med 
the  quantity  of  heat  that  must  have  disappeared  during  tlie  perform- 
ance of  the  work  ;  this  in  the  ease  of  the  ThctlH  is  about  ^  of  the  entire 
heat;  wc  must,  therefore,  add  j^,  or,  say,  84G5  H-- 093=4158  lbs.  of 
water  must  have  been  raised  from  a  temperature  of  about  100°  and 
evaporated,  or  say  18  lbs.  of  water  to  the  pound  of  coal  said  to  be  con- 
sumed. This  result  is  about  equal  to  20  lbs.  of  water  evaporated  at 
212°  to  the  pound  of  coal  consumed;  a  quantity  (juite  absurd. 

It  would  therefore  appear,  before  a  proper  comparison  could  be  es- 
tablished between  the  merits  of  the  Thetis'  boiler  and  that  of  any  other 
boiler,  a  correct  trial  of  the  former  would  be  necessary.  In  the  mean- 
time we  have  but  to  consider  that  the  report  of  Prof.  Rankine  was 
based  on  one  hour's  consumption  of,  say  280  lbs.  of  coal,  and  compare 
that  with  a  mass  of  boiler,  water,  and  fire-brick  weighing  20  tons,  at 
a  temperature  of,  say  300°,  it  is  evident  that  the  mass  of  heat  in  pro- 
portion to  the  coal  consumed  is  so  great  that  no  conclusion  should  be 
made  from  such  an  experiment;  also,  that  wdien  the  quantity  of  coal 
said  to  be  consumed,  viz.,  230  lbs.,  is  compared  w^ith  area  of  fire-grate, 
say  40  square  feet,  it  is  evident  that  the  result  should  not  be  depended 
upon,  as  no  ordinary  comparisons  could  be  made  of  the  condition  of 
the  fires  before  and  after  the  experiment.  In  conclusion,  let  me  ask 
of  every  one  present  to  consider  the  trial  trips  of  steamships  and  boil- 
ers in  their  true  light,  and  before  drawing  any  inference  from  such 
trials,  make  a  perusal  of  results  obtained  from  sea  voyages.  The  eva- 
porative power  and  economy  of  boilers  is  one  of  the  most  important 
subjects  for  this  Society  to  consider.  We  need  only  to  refer  to  the 
report  drawn  up  by  the  Steam  Shipping  Committee  of  the  British  As- 
sociation to  show  how  mixed  up  the  question  of  the  relative  efiiciency 
of  the  boilers  and  engines  is  generally  considered.  Indeed,  the  Ameri- 
can navy  returns  form  the  only  reports  showing  the  evaporative  power 
of  the  boilers  in  this  list,  and  the  whole  merit  of  a  good  evaporating 
boiler  is  often  sacrificed  to  the  character  of  the  engines.  With  reo-ard 
to  the  Thetis^  I  w^ould  recommend  any  mistake  to  be  remedied  as  soon 
as  possible,  as  there  are  many  contracts  of  a  most  responsible  nature 
formed  in  consequence  of  this  report,  that  will  lead  to  serious  loss  and 
disappointment  to  the  steam  shipping  interest  and  to  the  engineering 
profession  of  this  country. 


A  Sheet  of  Paper  Four  3Iiles  Long."^ 

A  sheet  of  tissue  paper  has  been  exhibiting  at  Colyton,  Devonshire. 
It  measures  in  length  four  miles,  being  21,000  feet  long,  and  is  in 
breadth  6  feet  3  inches.  The  weight  of  it  is  but  196  pounds.  It  was 
manufactured  in  twelve  hours. 

♦From  the  London  Builder,  No.  906. 
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A  Coiirsr  of  Lectures,  conshting  of  Tllustrationn  of  the  Various  Forcet 
of  Matter^  i.e.  of  sue  h  as  are  called  the  Physical  or  Inorganic  Forces.* 
By  M.  Faraday,  D.C.L.,  F.  U.S. 

l.ECTURE  VI.  (Jan.  7, 18G0.)—  The  Correlation  of  the  Physical  Forces, 

AVc  have  fre(|ucntly  seen  diirinn;  the  course  of  these  lectures,  that 
one  of  those  powers  or  forces  of  matter  of  which  1  have  written  the 
names  on  that  hoard,  has  ])ro(hu'e(l  results  which  are  due  to  the  action 
of  some  other  force.  Thus,  you  have  seen  the  force  of  electricity  act- 
ing in  other  wa3's  than  in  attracting;  you  have  also  seen  it  comhine 
matters  together  or  disunite  them  l)y  means  of  its  action  on  the  che- 
mical force;  and  in  this  case,  therefore,  you  have  an  instance  in  ^vhich 
these  two  powers  are  related.  l>ut  we  have  other  and  deeper  relations 
than  these  ;  we  have  not  merely  to  sec  how  it  is  that  one  power  affects 
another — how  the  force  of  heat  affects  chemical  afliinty,  and  so  forth, 
but  we  must  try  and  compreliend  what  relation  they  hear  to  each  other, 
and  how  these  powers  may  he  changed  one  into  the  other;  an'l  it  will 
to-day  require  all  my  care,  and  your  care  too,  to  make  this  clear  to 
your  minds.  I  shall  be  obliged  to  confine  myself  to  one  or  two  in- 
stances, because  to  take  in  the  whole  extent  of  this  mutual  relation  and 
conversion  of  forces  would  surpass  the  human  intellect. 

In  the  first  place,  then,  here  is  a  piece  of  fine  zinc-foil,  and  if  I 
cut  it  into  narrow  strips  and  apply  the  power  of  heat  to  it,  admitting 
the  contact  of  air  at  the  same  time,  3^ou  will  find  that  it  burns ;  and 
then,  seeing  that  it  burns,  you  will  be  prepared  to  say  that  there  is 
chemical  action  taking  place.  You  sec  all  that  I  have  to  do  is  to  hold 
the  piece  of  zinc  at  the  side  of  the  flame  so  as  to  let  it  get  heated,  and 
yet  to  allow  the  air  which  is  flowing  in  to  the  flame  from  ail  sides  to 
have  access  to  it ; — there  is  the  piece  of  zinc  burning  just  like  a  piece 
of  wood,  only  brighter.  A  part  of  the  zinc  is  going  up  into  the  air  in 
the  form  of  that  white  smoke,  and  part  is  falling  down  on  to  the  table. 
This,  then,  is  the  action  of  chemical  afiinity  exerted  between  the  zinc 
and  the  oxygen  of  the  air.  I  will  show  you  what  a  curious  kind  of 
aflSnity  this  is  by  an  experiment  which  is  rather  striking  when  seen 
for  the  first  time.  I  have  here  some  iron  filings  and  gunpowder,  and 
will  mix  them  carefully  together  with  as  little  rough  handling  as  pos- 
sible ;  now  we  will  compare  the  combustibility,  so  to  speak,  of  the  two. 
I  will  pour  some  spirit  of  wine  into  a  basin  and  set  it  on  fire ;  and 
having  our  flame,  I  will  drop  this  mixture  of  iron  filings  and  gunpow- 
der through  it,  so  that  both  sets  of  particles  will  have  an  equal  chance 
of  burning.  And  now  tell  me  which  of  them  it  is  that  burns.  You 
see  a  plentiful  combustion  of  the  iron  filings ;  but  I  want  you  to  ob- 
serve that  though  they  have  equal  chances  of  burning,  we  shall  find 
that  by  far  the  greater  part  of  the  gunpowder  remains  untouched;  I 
have  only  to  drain  off  this  spirit  of  wine  and  let  the  powder  which  has 
gone  through  the  flame  dry,  which  it  will  do  in  a  few  minutes,  and  I 
will  then  test  it  with  a  lighted  match.     So  ready  is  the  iron  to  burn, 

•  from  the  Load.  Chemical  News,  No.  10. 
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that  it  takes,  under  certain  circumstances,  even  less  tim3  to  catch  fire 
than  gunpowder.  [As  soon  as  the  «j;un))o\v(h*r  was  dry  Mr.  Anderson 
liandcd  it  to  tlie  Lecturer,  avIio  a})j)lie(l  a  li<^lited  niatcli  to  it,  wlien  the 
suihlen  flash  showed  how  hirf^c  a  proportion  of  frunpowder  had  escaped 
comhustion  Aviion  l'allin<:j  tlirougli  the  fhinie  of  alcohol  ] 

Tlieso  are  all  cases  of  chemical  aflinity,  and  I  show  them  to  make 
you  understand  tliat  we  are  ahout  to  (Miter  u[)on  the  consideration  of 
a  strange  kind  of  chemical  aflinity,  and  then  to  see  how  far  we  nre  en- 
abled to  convert  this  force  of  aflinity  into  electricity  or  mngnetism,  or 
any  other  of  the  forces  which  we  have  discussed.  Here  is  some  zinc 
(I  keep  to  the  metal  zinc  as  it  is  very  useful  for  our  purpose),  and  I 
can  produce  hydrogen  gas  by  putting  the  zinc  and  sulphuric  acid  to- 
gether as  they  are  in  that  retort;  there  you  see  the  mixture  which 
gives  us  hydrogen — the  zinc  is  pulling  the  water  to  pieces  and  setting 
free  hydrogen  gas.  Now  we  have  learned  by  experience  that  if  a  little 
mercury  is  spread  over  that  zinc,  it  does  not  take  away  its  power  of 
decomposing  the  water,  but  modifies  it  most  curiously.  See  how  that 
mixture  is  now  boiling,  but  Avhcn  I  add  a  little  mercury  to  it  the  gas 
ceases  to  come  ofi'.  We  have  now  scarcely  a  bubble  of  hvdroiren  set 
free,  so  that  the  action  is  suspended  for  the  time.  We  have  not  de- 
stroyed the  power  of  chemical  aflinity,  but  modified  it  in  a  wonderful 
and  beautiful  manner.  Here  are  some  pieces  of  zinc  covered  with 
mercury  exactly  in  the  same  way  as  the  zinc  in  that  retort  is  covered, 
and  if  I  put  this  plate  into  sulphuric  acid  I  get  no  gas,  but  this  most 
extraordinary  thing  occurs,  that  if  I  introduce  along  with  the  zinc 
another  metal  which  is  7iot  so  combustible,  then  I  reproduce  all  the 
action.  I  am  now  going  to  put  to  the  amalgamated  zinc  in  this  retort 
some  portions  of  copper  wire  (copper  not  being  so  combustible  a  metal 
as  the  zinc),  and  observe  ho-w  I  get  hydrogen  again,  as  in  the  first  in- 
stance— there,  the  bubbles  are  coming  over  through  the  pneumatic 
trough,  and  ascending  faster  and  faster  in  the  jar;  the  zinc,  so  to  speak, 
is  acting  by  reason  of  its  contact  with  the  copper. 

Every  step  we  now^  take  brings  us  to  a  knowledge  of  new  phenomena. 
That  hydrogen  wdiich  you  now  see  coming  off"  so  abundantly  does  not 
come  from  the  zinc  as  it  did  before,  hut  from  the  copper.  Here  is  a 
jar  containing  a  solution  of  copper.  If  I  put  a  piece  of  this  amalga- 
mated zinc  in  it,  and  leave  it  there,  it  has  hardly  any  action,  and  here 
is  a  plate  of  platinum  which  I  will  immerse  in  the  same  solution,  and 
might  leave  it  there  for  hours,  days,  months,  or  even  years,  and  no 
action  would  take  place.  But  now  I  put  them  both  in  together,  and 
let  them  touch  each  other  (Fig.  1).  See  wdiat  a  coating  of  copper 
there  is  immediately  thrown  down  on  the  platinum.  AVhy  is  this? 
The  platinum  has  no  power  of  itself  to  reduce  the  metal  from  that 
fluid,  but  it  has  in  some  mysterious  way  received  this  power  by  its 
contact  with  the  metal  zinc.  Here,  then,  you  see  a  strange  transfer 
of  chemical  force  from  one  metal  to  another — the  chemical  force  from 
the  zinc  is  transferred,  and  made  over  to  the  platinum  by  the  mere 
association  of  the  two  metals.  I  might  take  instead  of  the  platinum, 
a  piece  of  copper  or  silver,  and  it  would  have  no  action  of  its  own  on 
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this  Folution,  but  the  moment  the  zinc  was  introduced  and  touclicd  to 
the  otlior  nu'tal,  then  tlie  action  wouhl  take  place,  and  it  wouhl  hecome 
covered  with  copper.  Now,  is  not  this  most  \voM(h'rfnl  and  Ijeautifid 
to  see  'i  we  still  have  the  identical  tiuniical  force  of  the  particles  of  zinc 
actinjs;,  and  yet  in  some  stranj^e  manner  we  have  power  to  make  that 
chemical  force,  or  somethin<i^  it  produces,  travel  from  one  place  to  an- 
other— for  we  do  make  the  chemical  force  travel  from  the  zinc  to  the 
j»latin\im  Ity  this  very  curious  e\j)erimcnt  of  using  the  two  nu'tals  in  the 
hame  liuid  iu  contact  with  each  other. 

Fig.  1.  Fig.  2. 


Let  us  now  examine  these  phenomena  a  little  more  closely.  Here 
is  a  drawing  (Fig.  2)  in  which  I  have  represented  a  vessel  containing 
the  acid  Ii(|uid  and  the  slips  of  zinc  and  platinum  or  copper,  and  I 
have  shown  them  touching  each  other  outside  by  means  of  a  wire  com- 
ing from  each  of  them  (for  it  matters  not  whether  they  touch  in  the 
fluid  or  outside — by  pieces  of  metal  attached  they  still  by  that  com- 
munication between  them,  have  this  pow^r  transferred  from  one  to  the 
other).  Now,  if  instead  of  using  only  one  vessel,  as  I  have  shown 
there,  I  take  another,  and  another,  and  put  in  zinc  and  platinum,  zinc 
and  platinum,  zinc  and  platinum,  and  connect  the  platinum  of  one 
vessel  with  the  zinc  of  another,  the  platinum  of  this  vessel  with  the 
zinc  of  that,  and  so  on,  we  should  only  be  using  a  series  of  these  ves- 
sels instead  of  one.  This  we  have  done  in  that  arrangement  which 
you  see  behind  me.  I  am  using  what  we  call  a  Grove's  voltaic  battery, 
in  which  one  metal  is  zinc  and  the  other  platinum,  and  I  have  as  many 
as  forty  pairs  of  these  plates  all  exercising  their  Fif?  3. 

force  at  once  in  sending  the  whole  amount  of 
chemical  power  there  evolved  through  these  wires 
under  the  floor  and  up  to  these  two  rods  coming 
through  the  table.  We  need  do  no  more  than 
just  bring  these  two  ends  in  contact,  when  the 
spark  shows  us  what  power  is  present;  and  what 
a  strange  thing  it  is  to  see  that  this  force  is 
brought  away  from  the  battery  behind  me,  and 
carried  alonf]r  through  these  wires.  I  have  here 
an  apparatus  (Fig.  "6)  which  Sir  Humphry  Davy 
constructed  many  years  ago,  in  order  to  see 
whether  this  power  from  the  voltaic  battery 
caused  bodies  to  attract  each  other  in  the  same 
manner  as  the  ordinary  electricity  did.     lie  made  it  lu  order  to  ex- 
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pcrimcnt  with  his  larrro  voltaic  b.'ittcr}^  which  was  the  most  powerful 
tliOH  in  existence.  You  see  tliere  are  in  this  fjlass  jar  two  leaves  of 
gold,  Avhieli  I  can  cause  to  move  to  and  fro  hy  this  rack  woik.  1  will 
connect  each  of  these  ^old  leaves  with  sepaiate  ends  of"  this  battery, 
and  if  I  have  a  sufficient  number  of  plates  in  the  battery  I  shall  be 
able  to  show  you  that  there  will  be  some  attraction  between  those  leaves 
even  before  they  come  in  contact;  if  I  bring  them  sudiciently  near 
when  they  are  in  communication  with  the  ends  of  the  battery,  they 
will  be  drawn  gently  together,  and  you  will  know  when  this  takes 
place,  because  the  power  will  cause  the  gold  leaves  to  burn  away, 
which  they  could  only  do  when  they  touched  each  other.  Now  I  am 
going  to  cause  these  two  leaves  of  gold  to  approach  gradually,  and  I 
have  no  doubt  that  some  of  you  Avill  see  that  they  approach  before  they 
burn,  and  those  who  are  too  far  off  to  sec  them  a[)proach  will  see  by 
their  burning  that  they  have  come  together.  Now  they  are  attracting 
each  other,  long  before  the  connexion  is  complete,  and  there  they  go! 
burnt  up  in  that  brilliant  flash,  so  strong  is  the  force.  You  thus  see, 
from  the  attractive  force  at  the  two  ends  of  this  battery,  that  these  are 
really  and  truly  electrical  phenomena. 

Now  let  us  consider  what  is  this  spark.  I  take  these  two  ends  and 
bring  them  together,  and  there  I  iret  this  glorious  spark  like  the  sun- 
light in  the  heavens  above  us.  What  is  this?  It  is  the  same  thing 
which  you  saAV  when  I  discharged  the  large  electrical  machine,  when 
you  saw  one  single  bright  flash  ;  it  is  the  same  thing,  only  continued^ 
because  here  we  have  a  more  effective  arrangement.  Instead  of  having  a 
machine  which  we  are  obliged  to  turn  for  a  long  time  together,  we  have 
here  a  chemical  power  which  sends  forth  the  spark — and  it  is  wonder- 
ful and  beautiful  to  see  how  this  spark  is  carried  about  through  these 
wires.  I  want  you  to  perceive,  if  possible,  that  this  very  spark  and 
the  heat  it  produces  (for  there  is  heat),  is  neither  more  nor  less  than 
the  chemical  force  of  the  zinc — its  ve?y  force  carried  along  wires  and 
conveyed  to  this  place.  I  am  about  to  take  a  portion  of  the  zinc  and 
burn  it  in  oxygen  gas  for  the  sake  of  showing  you  the  kind  of  light 
produced  by  the  actual  combustion  in  oxygen  gas  of  some  of  this  metal. 
[A  tassel  of  zinc-foil  was  ignited  at  a  spirit  lamp  and  introduced  into  a 
jar  of  oxygen,  when  it  burnt  with  a  brilliant  light.]  That  shows  you 
Avhat  the  affinity  is  wdien  we  come  to  consider  it  in  its  energy  and  power. 
And  the  zinc  is  being  burned  in  the  battery  behind  me  at  a  much  more 
rapid  rate  than  you  see  in  that  jar,  because  the  zinc  is  there  dissolving 
and  burning,  and  produces  here  this  great  electric  light.  That  very 
same  power  which  in  that  jar  you  saw  evolved  from  the  actual  combus- 
tion of  the  zinc  in  oxygen  is  carried  along  these  wires  and  made  evi- 
dent here,  and  you  may  if  you  please  consider  that  the  zinc  is  burning 
in  those  cells,  and  that  this  is  the  light  of  that  burning  [bringing  the 
two  poles  in  contact  and  showing  the  electric  light]  ;  and  we  might  so 
arrange  our  apparatus  as  to  show  that  the  amounts  of  power  evolved 
in  either  case  are  identical.  Having  thus  obtained  power  over  the 
chemical  force,  how  wonderfully  we  are  able  to  convey  it  from  place 
to  place  ;  when  we  use  gunpowder  for  explosive  purposes,  we  can  send 
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into  tlic  mine  cliciuical  afritiity  by  means  of  tliis  t'lt'ctricity ;  not  liavin;; 
proviflrd  fire  beforeliand,  we  can  send  it  in  at  the  moment  we  require 
it.  Now  here  (Fi;j:-  '^)  is  a  vessel  containin;^  two  ehaieoal  points,  and 
I  brini;   it   forwartl   as  an    illustratioti   of  tlie  Fi-.  x. 

wonderful  power  of  conveyin;^  this  i'oree  from 
]daee  to  plaee.  1  have  merely  to  connect  these 
by  means  of  wires  to  the  opposite  ends  of  tlie 
battery,  and  brin«j;  the  points  in  contact.  Sec! 
what  an  exhibition  of  force  we  have.  We  have 
exhausted  the  air  so  that  the  charcoal  cannot 
burn,  and  therefore  tbc  light  you  see  is  really 
the  burning  of  the  zinc  in  the  cells  behind  me 
— there  is  no  disappearance  of  the  carbon,  al- 
though wo  have  that  glorious  electric  light ; 
and  the  moment  I  cut  oft"  the  connexion  it  stops. 
Here  is  a  better  instance  to  enable  some  of 
you  to  see  the  certainty  with  whicli  we  can 
convey  this  force  where,  under  ordinary  cir- 
cumstances, chemical  affinity  would  not  act. 
We  may  absolutely  take  these  two  charcoal 
poles  down  under  water,  and  get  our  electric  light  there; — tliere  they 
are  in  the  -water,  and  you  observe  when  I  bring  them  into  connexion 
we  have  the  same  light  as  we  had  in  that  glass  vessel. 

Now,  besides  this  production  of  light  we  have  all  the  other  elTects 
and  powers  of  burning  zinc.  I  have  a  few  wires  here  which  are  not 
combustible,  and  I  am  going  to  take  Fiu.  5. 

one  of  them,  a  small  platinum  wii'c, 
and  suspend  it  between  these  two  rods 
■which  are  connected  with  the  battery, 
and  when  contact  is  made  at  the  bat- 
tery see  what  heat  we  get  (Fig.  5). 
Is  not  that  beautiful  ? — it  is  a  com- 
plete bridge  of  power.  There  is  me- 
tallic connexion  all  the  way  round  in 
this  arrangement,  and  where  I  have 
inserted  the  platinum,  which  offers  some  resistance  to  the  passage  of 
the  force,  you  see  what  an  amount  of  heat  is  evolved, — this  is  the  heat 
which  the  zinc  would  give  if  burnt  in  Fi^,  6. 

oxygen,  but  as  it  is  being  burnt  in  the 
voltaic  battery  it  is  giving  it  out  at 
this  spot.  I  will  now  shorten  this 
wire  for  the  sake  of  showing  you  that 
the  shorter  the  obstructing  wire  is, 
the  more  and  more  intense  is  the  heat, 
until  at  last  our  platinum  is  fused  and 
falls   down,  breaking  off  the  circuit. 

Here  is  another  instance.     I  will 
take  a  piece  of  the  metal  silver  and  place  it  on  charcoal  connected  with 
one  end  of  the  battery,  and  lower  the  other  charcoal  pole  on  to  it — 
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see  how  brilliantly  it  burns  (Fig.  G).  Here  is  a  piece  of  iron  on  the 
cliarcoal,  soo  wliat  a  conibustion  is  iroinn;  on  ;  and  we  mi^-lit  f'O  on  in 
this  w;\y  biirnin;^  ahnost  every  thin<^  we  placed  between  the  poles. 
Now,  1  want  to  show  you  that  tliis  ])ower  is  still  chemical  affinity — 
that  if  we  call  the  power  which  is  evolved  at  this  point  heat  or  elec- 
tricitj/^  or  any  other  name  rcferrini^  to  its  source,  or  the  way  in  which 
it  travels,  we  still  shall  find  it  to  be  chemical  action.  Jlere  is  a  co- 
lored li(|ui(l  which  can  show  by  its  chanf^e  of  color  the  eftects  of  che- 
mical action  ;  I  will  pour  part  of  it  into  this  f^lass,  and  you  will  find 
that  these  wires  have  a  very  strong  action.  I  am  not  going  to  show 
you  any  effects  of  combustion  or  heat,  but  I  will  take  these  two  pla- 
tinum plates,  and  fasten  one  to  the  one  pole  and  the  other  to  the  other 
end,  and  [)lace  them  in  this  solution,  aTid  in  a  very  short  time  you  will 
see  the  blue  color  will  be  entirely  destroyed.  See,  it  is  colorless  now 
— I  have  merely  brought  the  end  of  these  wires  into  the  solution  of 
indigo,  and  the  power  of  electricity  has  come  through  these  wires  and 
made  itself  evident  by  its  chemical  action.  There  is  also  another  cu- 
rious thing  to  be  noticed  now  we  are  dealing  with  the  chemistry  of 
electricity,  which  is  that  the  chemical  power  which  destroys  the  color 
is  only  due  to  the  action  on  one  side.  I  will  pour  some  more  of  this 
sulphindigotic  acid  into  a  flat  dish,  and  will  then  make  a  porous  dyke 

of  sand  separating  the  two  portions  of  fluid 
into  two  parts  (Fig.  7),  and  novr  we  shall  be 
able  to  see  whether  there  is  any  difference  in 
the  two  ends  of  the  battery,  and  which  it  is 
that  possesses  this  peculiar  action.  You  see 
it  is  the  one  on  my  right  hand  which  has  the 
power  of  destroying  the  blue,  for  the  portion 
on  that  side  is  tlioroughly  bleached,  while  no- 
thing has  apparently  occurred  on  the  other  side.  I  say  apparently, 
for  you  must  not  imagine,  that  because  you  cannot  perceive  any  action 
none  has  taken  place. 

Here  we  have  another  instance  of  chemical  action.  I  take  these 
platinum  plates  again  and  immerse  them  in  this  solution  of  copper 
from  which  we  formerly  precipitated  some  of  the  metal,  when  the  pla- 
tinum and  zinc  were  both  put  in  it  together.  You  see  that  these  two 
platinum  plates  have  no  chemical  action  of  any  kind,  they  might  re- 
main in  the  solution  as  long  as  I  liked,  without  having  any  power  of 
themselves  to  reduce  the  copper  ;  but  the  moment  I  bring  the  two 
poles  of  the  battery  in  contact  with  them,  the  chemical  action  which 
is  there  transformed  into  electricity  and  carried  along  the  wires,  again 
becomes  chemical  action  at  the  two  platinum  poles,  and  now  we  shall 
Iiave  the  power  appearing  on  the  left  hand  side,  and  throwing  down 
the  copper  in  the  metallic  state  on  the  platinum  plate;  and  in  this  way 
I  might  give  you  many  instances  of  the  extraordinary  way  in  which 
this  chemical  action  or  electricity  may  be  carried  about.  That  strange 
nugget  of  gold,  of  which  there  is  a  model  in  the  other  room,  and  which 
has  an  interest  of  its  own  in  the  natural  history  of  gold,  and  which 
came  from  Ballarat,  and  was  worth  ^£8000  or  £9000  when  it  was  melted 


The  Correlation  of  the  Physical  Forces, 


405 


down  last  November,  was  brourrht  topctlier  in  the  bowels  of  tlic  earth, 
]HMlKips  afxos  and  ajjes  :i<xo,  by  some  such  })ower  as  this.  And  there 
is  also  another  beautiful  result  dependent  upon  eliemical  allinity  in 
that  fine  lead-tree,  the  lead  growing  and  growing  by  virtue  of  this 
power.  The  lead  and  the  zinc  are  combined  together  in  a  little  vol- 
taic arrangement,  in  a  manner  far  more  important  than  tlie  powerful 
one  you  see  here,  because  in  nature  these  minute  actions  are  going  on 
for  ever,  and  are  of  great  and  wonderful  importance  in  the  precipita- 
tion of  metals  ancl  formation  of  mineral  veins,  and  so  forth.  These 
actions  are  not  for  a  limited  time,  like  my  battery  here,  but  they  act 
for  ever  in  small  degrees,  accumulating  more  an<l  more  of  the  results. 

I  have  here  given  you  all  the  illustrations  that  time  will  permit  me 
to  show  you  of  chemical  affinity  producing  electricity,  and  electricity 
again  becoming  chemical  aflinity.  Let  that  suffice  for  the  jiresent ; 
and  let  us  now  go  a  little  deeper  into  the  subject  of  this  cheniical  force, 
or  this  electricity — whicli  shall  I  name  first? — the  one  producing  the 
other  in  a  variety  of  ways.  These  forces  are  also  wonderful  in  their 
power  of  producing  another  of  the  forces  we  have  been  considering, 
namely,  that  of  magnetism,  and  you  know  that  it  is  only  of  late  years, 
and  long  since  I  was  born,  that  the  discovery  of  the  relations  of  these 
two  forces  of  electricity  and  chemical  affinity  to  produce  magnetism 
have  become  known.  Philosophers  had  been  suspecting  this  afBnity 
for  a  long  time,  and  had  long  had  great  hopes  of  success — for  in  the 
pursuit  of  science  we  first  start  with  hopes  and  expectations;  these  we 
realize  and  establish  never  again  to  be  lost,  and  upon  them  we  found 
new  expectations  of  further  discoveries,  and  so  go  on  pursuing,  real- 
izing, establishing,  and  founding  new  hopes  again  and  again. 

Now  observe  this  :  here  is  a  piece  of  wire  which  I  am  about  to  make 
into  a  bridire  of  force,  that  is  to  sav,  a  communicator  between  the  two 
ends  of  the  battery.  It  is  copper  wire  only,  and  is  therefore  not  mag- 
netic of  itself.     AVe  will  examine  this  wire  with  our  magnetic  needle 

Fig.  8. 


(Fig.  8),  and  though  connected  with  one  extreme  end  of  the  battery, 
you  see  that  before  the  circuit  is  completed  it  has  no  power  over  the 
magnet.  But  observe  it  when  I  make  contact ;  watch  the  needle,  see 
how  it  is  swung  round,  and  notice  how  indifferent  it  becomes  if  I  break 
contact  again  ;  so  you  see  we  have  this  wire  evidently  affecting  the 
magnetic  needle  under  these  circumstances.  Let  me  show  you  that  a 
little  more  strongly.  I  have  here  a  quantity  of  wire  which  has  been 
wound  into  a  spiral,  and  this  will  affect  the  magnetic  needle  in  a  very 
curious  manner,  because,  owing  to  its  shape,  it  will  act  very  like  a  real 
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magnet.  The  copper  spiral  lia3  no  power  over  tliat  magnetic  needle 
at  present,  but  ii"  1  cause  tlic  electric  current  to  circulate  through  it, 
by  bringing  the  two  ends  of  the  battery  in  contact  with  the  ends  of 
the  wire  vvliich  forms  tlie  spiral,  what  will  happen?  Why  one  end  of 
the  needle  is  most  powerfully  drawn  to  it ;  and  if  I  take  the  other  end 
of  the  needle  it  is  repelled  ;  so  you  see  I  have  produced  exactly  the 
same  phenomena  as  I  had  with  the  bar  magnet, — one  end  attracting 
and  the  other  repelling.  Is  not  tl»is  then  curious  to  see  that  we  can 
construct  a  magnet  of  copper?  Furtheiinore,  if  I  take  an  iron  bar, 
and  put  it  inside  the  coil,  so  long  as  there  is  no  electric  current  cir- 
culating round,  it  has  no  attraction, — as  you  will  observe  if  I  bring 
a  little  iron  filings  or  nails  near  the  iron.  But  now  if  I  make  contact 
■with  the  battery  they  are  attracted  at  once.     It  becomes  at  once  a 

Fi-.  9. 
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powerful  magnet,  so  much  so  that  I  should  not  wonder  if  these  mag- 
netic needles  on  different  parts  of  the  table  pointed  to  it.  And  I  will 
show  you  by  another  experiment  what  an  attraction  it  has.  This  piece 
and  that  piece  of  iron,  and,  many  other  pieces  are  now  strongly  at- 
tracted (Fig.  9),  but  as  soon  as  I  break  contact  the  power  is  all  gone 
Fig.  10.  and  they  fall.    What  then  can  be  a  better 

or  a  stronger  proof  than  this  of  the  relation 
of  the  powers  of  magnetism  and  electricity  ? 
Again,  here  is  a  little  piece  of  iron  which 
is  not  yet  magnetized.  It  will  not  at  pre- 
sent take  up  any  one  of  these  nails  ;  but  I 
will  take  a  piece  of  wire  and  coil  it  round 
the  iron  (the  wire  being  covered  with  cotton 
in  every  part  so  that  it  does  not  touch  the 
iron),  so  that  the  current  must  go  round 
in  this  spiral  coil;  I  am,  in  fact,  prepar- 
ing an  electro-magnet  (we  are  obliged  to 
use  such  terms  to  express  our  meaning, 
because  it  is  a  magnet  made  by  electricity, 
— because  we  produce  by  the  force  of  elec- 
tricity a  magnet  of  far  greater  power  than  a  permanent  steel  one). 
It  is  now  completed,  and  I  will  repeat  the  experiment  which  you  saw 
the  other  day,  of  building  up  a  bridge  of  iron  nails ;  the  contact  is 
now  made  and  the  current  is  going  through  ;  it  is  now  a  powerful  mag- 
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net;  here  arc  the  iron  nails  wliicli  wo  liad  tlie  otlicr  day,  nn«l  now  I 
luivc  brought  this  niM;:M('t  near  tliein  tlicy  arc  clin^riri;;  so  har(l  that  I 
can  scarcely  move  tlicin  with  my  hand  (Ki<^.  10).  JJiit  when  the  con- 
tact is  broken,  see  how  they  fall.  What  can  show  you  better  than 
such  an  experiment  as  this,  the  marrnetic  attraction  with  which  wo 
have  endowed  these  portions  of  iron  ?  Here  a^ain  is  a  fine  illustration 
of  this  stron*;  power  of  ma<,Mietism.  It  is  a  ma^i^net  of  the  same  sort  as 
tlie  one  you  have  just  seen.  I  am  about  to  make  a  current  of  elec- 
tricity pass  throu«j;h  the  wires  which  are  round  this  iron  for  the  pur- 
pose of  showing  you  what  powerful  effects  we  get.  Here  are  the  poles 
of  the  magnet;  and  let  us  place  on  one  of  them  this  long  bar  of  iron. 
You  see  as  soon  as  contact  is  made  how  it  rises  in  position  (Fig.  11); 

Fig.  II. 


and  if  I  take  such  a  piece  as  this  cylinder,  and  place  it  on,  wo  be  to 
me  if  I  get  my  finger  between ;  I  can  roll  it  over,  but  if  I  try  to  pull 
it  off,  I  might  lift  up  the  whole  magnet,  but  I  have  no  power  to  over- 
come the  magnetic  power  which  is  here  evident.  I  might  give  you  an. 
infinity  of  illustrations  of  this  high  magnetic  power.  There  is  that 
\ou(r  bar  of  iron  held  out.  and  I  have  no  doubt  if  I  were  to  examine 
the  other  end  I  should  find  that  it  w\as  a  magnet.  See  what  power  it 
must  have  to  support  not  only  these  nails  but  all  these  lumps  of  iron 
hanging  on  to  the  end.  What  then  can  surpass  these  evidences  of  the 
change  of  chemical  force  into  electricity,  and  electricity  into  magnet- 
ism? I  might  show  you  many  other  experiments  whereby  I  could  ob- 
tain electricity  and  chemical  action,  heat  and  light  from  a  magnet, 
but  what  more  need  I  show  3'ou  to  prove  the  universal  correlation  of 
the  physical  forces  of  matter,  and  their  mutual  conversion  one  into 
another  ? 

And  now  let  us  give  place  as  juveniles  to  the  respect  we  owe  to  our 
elders;  and  for  a  time  let  me  address  myself  to  those  of  our  seniors 
who  have  honored  me  with  their  presence  during  these  lectures.  I 
wish  to  claim  this  moment  for  the  purpose  of  tendering  our  thanks  to 
them,  and  my  thanks  to  you  all  for  the  way  in  which  you  have  borne 
the  inconvenience  that  I  at  first  subjected  you  to.  I  hope  that  the  in- 
sight which  you  have  here  gained  into  some  of  the  laws  by  which  the 
universe  is  governed,  may  be  the  occasion  of  some  amongst  you  turning 
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your  att(.'nti()n  to  these  subjects  ;  for  wliat  study  is  there  more  fitted 
to  the  mind  of  man  tliim  that  of  the  |)hysieal  sciences  V  And  what  is 
there  more  capable  of  giving  liiin  an  insight  into  the  actions  of  those 
laws,  a  knowledge  of  which  gives  interest  to  the  most  trifling  phenome- 
non of  nature,  and  makes  the  observing  student  find 

-touguos  in  trees,  books  in  tlie  runnint?  ])rooks, 


Sermons  in  stones,  und  good  in  every  thing." 


Patent  Steel  Plates.*  By  David  Livingstone. 

Iiivcr  Zanibpsi,  East  Africa,  12th  January,  1860. 

Sir: — The  insertion  of  tlie  following  note  in  the  Journal  of  the 
Society  of  Arts  may  prove  of  public  service  in  preventing  any  other 
expedition  trusting  to  a  vessel  built  of  the  ""  patent  steel  plates,"  which 
have  caused  us  so  much  toil,  loss  of  time,  and  annoyance. 

It  is  probable  that  there  are  purposes  to  which  these  patent  steel 
plates  might  be  applied  with  great  advantage,  but  eighteen  months  ex- 
perience in  a  steam  punt  constructed  of  this  material,  has  proved  that 
the  substance  cannot  be  trusted  in  tropical  waters.  AVhatever  may  be 
the  process  by  which  the  plates  are  converted  into  steel,  a  very  re- 
markable decomposition  soon  takes  place  when  exposed  to  the  heat  and 
moisture  of  this  climate,  and  a  considerable  portion  of  the  plate  be- 
comes what  possibly  is  the  black  oxide  of  iron.  In  our  case,  the  whole 
vessel  was  painted  thorouglily,  inside  and  outside,  with  Peacock's  pa- 
tent paint  while  on  the  deck  of  another  vessel  in  the  voyage  out.  But 
this  proved  no  protection,  for  a  process  of  decomposition  began  on  both 
surfaces,  altogether  different  from  the  common  rust  of  iron.  Scales 
of  a  jet  black  color  were  formed,  and  when  detached  the  plates  were 
found  to  be  as  smooth  and  bjack  as  if  they  had  left  the  rollers  but  an 
hour  before.  The  scales  are  black  in  their  substance,  too,  and  strongly 
magnetic.  The  paint,  firmly  adherent  on  the  outer  surface,  showed 
tliat  it  had  failed  to  prevent  the  process,  and  curiously  enough,  the 
rivets,  which  are  probably  of  common  steel,  neither  rusted  nor  decom- 
posed. For  a  considerable  time  the  process  of  scaling  off  and  leaving 
a  smooth,  black,  and  even  shining  surface,  made  us  believe  that  the 
plates  were  suffering  no  harm  by  exposure  to  the  weather.  Friction 
had  no  effect  in  wearing  them.  But  the  decomposition  was  going  on 
at  the  same  rate  inside  ;  blisters,  also,  were  formed,  and  at  the  bottom 
of  each  there  was  a  minute  hole  rio;ht  throuo;h,  and  at  the  end  of  twelve 
months  the  removal  of  the  internal  surface  scale  left  us  with  plates  as 
thin  as  wafers,  and  so  full  of  small  holes  our  wretched  craft  might  have 
been  converted  into  a  coffee  strainer  for  the  entire  Society  of  Arts.- 
The  plates  were  only  one-sixteenth  of  an  inch  in  thickness  at  the  be- 
ginning, and  the  internal  scales  are  one-thirty-second  of  an  inch.  The 
framework  being  of  the  flimsiest  contract  style,  any  attempt  at  mend- 
ing involving  hammering  or  wedging  would  have  been  putting  a  new 
piece  into  an  old  garment,  so  we  had  to  resort  to  puddling  her  with 
stiff  clay.  This  served  for  a  while,  but  the  holes  becoming  too  large,  we 
•were  obliged  to  run  down  to  the  sea,  and  with  the  assistance  of  the  tides, 

*From  the  Journal  of  the  Society  of  Arts,  No.  406- 
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jict  licr  out  of  the  water.  Wy  (li«r;;inf^  tlic  sand  from  bcncatli,  wo 
rearliod  the  worst  places,  and  the  en^nneers,  MessrH.  Rac  and  Hill, 
assisti'd  by  men  iVum  II.  M.  8.  Lynx^  put  planks  outside  and  inside, 
with  plies  of  canvass  and  white  lead,  sanchvieh  fashion,  and  ^'uaranteeJ 
her  to  tioat  any  time  between  three  days  and  six  weeks.  New  leaks, 
however,  forced  us  to  beach  before  the  first  periocf  mentioned,  and 
thou-j;li  rather  annoyed  at  being  kept  tinkering,  instead  of  doing  good 
service  to  the  cause  of  African  civilization,  we  must,  as  we  have  ofteu 
done  with  disagreeables  before,  ''put  up  with  it." 

Ko  advantage  whatever  has  been  gained  by  the  employment  of  these 
steel  plates.  The  contractor  intended  that  by  their  use  the  vessel 
shouhl  draw  thirteen  inches  only,  but  when  we  tried  her  fairly  out  here 
in  salt  water,  without  fuel,  gear,  crew,  or  water  in  the  boiler,  she  drew 
twenty-three  inches,  and  her  paddle  lloats  are,  of  course,  ten  inches 
too  deep.  It  was  promised  that  she  could  carry  from  ten  to  twelve 
tons,  but  four  tons  bring  her  down  to  2  ft.  7  ins.  and  within  a  few  inches 
of  the  paddle  wheel  shaft,  while  six  tons  would  sink  her  altogether. 

Nor  have  we  gained  the  least  in  speed,  for,  instead  of  '*  ten  knots, 
at  least,"  promised,  we  have  to  be  content  with  a  top  speed  of  3 J. 
This  may  in  part  be  owing  to  the  peculiar  form  adopted — au  imitation 
of  the  Niger  canoes,  i.  e.,  long,  narrow,  and  turned  up  at  the  ends. 
The  negro  reasons  for  this  shape  are  sensible  enough.  They  cannot 
nuike  them  broader  than  the  trees,  and  make  up  in  length  what  they 
cannot  have  in  breadth,  and  they  are  turned  up  at  the  ends  to  avoid 
the  shock  which  would  be  felt  in  coming  to  a  bank,  were  they  not  made 
to  slide  up.  These  reasons  are  not  so  very  recondite  as  to  induce  us 
to  forsake  the  w^ave  line  of  Mr.  Scott  Russell  surely.  Here  we  often 
see  canoes  made  out  of  crooked  trees,  and  as  they  are  simply  hollowed 
out,  the  canoe  retains  the  bends  of  the  stock.  Some  future  contractor, 
if  using  other  people's  money,  may  infer  that  these  crooked  canoes 
are  exactly  suited  for  turning  round  corners,  instead  of  inferring  that 
tlie  owners  had  no  straight  trees  near  the  river. 


On  Foot  Valves  in  Condensers  and  Air  Pumps.* 
The  subject  of  foot  valves  in  air  pumps  has,  by  engineers,  been  too 
much  overlooked.  It  is  of  the  greatest  importance  in  marine  engines, 
particularly  in  propeller  engines,  where  the  machinery  is  applied  di- 
rect to  the  propeller  shaft.  Captain  Carlsund,  in  Motala,  I  believe  was 
the  first  engineer  who  paid  attention  to  the  proper  arrangement  in  air 
pumps  and  foot  valves ;  he  applies  his  machinery  with  the  air  pump 
direct  to  the  propeller  shaft,  making  100  to  140  revolutions  per  min- 
ute, and  is  found  to  work  exceedingly  well,  while  in  America  and  Eng- 
land they  have  been  obliged  to  gear  the  air  pump  down  to  a  slower 
motion,  or  when  attempting  to  apply  it  direct  to  direct  action  machinery, 
it  has  sometimes  ended  in  a  total  destruction  of  the  whole ;  the  true 
cause  of  the  blunder  has  been  concealed  and  made  over  and  over  again. 
The  disproportion  of  foot  valves  has  caused  the  loss  of  millions  of 
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dollars  in  America ;  for  instance,  the  first  engines  on  the  frigate  San 
tTacinto,  U.  S.  N.,  l)rok('  down  from  the  disarrangoinonts  of  tlie  air 
pum})S.  The  La  Fayette  s  engines,  Avhich  I  helic^ve  liad  the  worst  air 
pumps  ever  constructed  for  the  purpose,  broke  down  from  the  same 
cause;  also,  i\\Q,City  of  Petersburgy  and  others,  all  American  first- 
class  steamers. 

AVhen  the  air  pump  is  working,  the  water  is  forced  through  the  foot 
valve  by  the  pressure  or  the  deficiency  of  vacuum  in  the  condenser. 
Every  pound  of  pressure  per  scjuare  inch  balancers  a  column  of  water 
of  about  27  inches  high  ;  for  instance,  if  the  vacuum  in  the  condenser 
is  24  inches  of  mercury,  which  is  termed  12  pounds  per  square  inch, 
and  the  atmospheric  pressure  being  14-75,  then  14-75— 12  =  2-75  lbs., 
which  will  be  the  pressure  per  square  inch  in  the  condenser,  and  2-75 
X  27  =  74-25  inches,  or  6*2  feet,  the  head,  which  presses  the  water 
throufi-h  the  foot  valve  into  the  air  pump.  According  to  the  relative  po- 
sition of  the  condenser  and  air  pump,  there  may  be  an  additional  head, 
as  when  the  water  level  in  the  condenser  is  above  the  air  pump  piston. 

I  will  here  endeavor  to  give  some  formulae,  by  which  to  determine 
the  area  of  foot  valves,  and  size  of  air  pumps,  which  will  be  found  to 
be  of  the  greatest  importance  for  propeller  engines. 

D  =  diameter  of  steam  cylinder  in  inches. 

S  =  stroke  of  piston  in  inches,  double  acting. 

d=  diameter  of  air  pump  in  inches. 

sunstroke  of  air  pump  piston  in  inches. 

a  =  area  of  foot  valves  in  square  inches. 

^=r  number  of  double  strokes  of  the  air  pump  piston  per  minute, 
when  the  air  pump  is  applied  direct  to  the  engines. 

7n  r=  co-efficient  for  friction  and  resistance  to  the  water  in  passing 
through  the  foot  valve,  estimated  to  0*6  to  0*7. 

n  =  pressure  in  the  condenser,  or  deficiency  of  vacuum  in  pounds 
per  square  inch. 

T  =  temperature  of  the  exhaust  steam,  Fahrenheit's  scale. 

yt  =  specific  volume  of  the  exhaust  compared  with  water. 

Assuming  the  temperature  of  the  condensing  water  100°,  and 
the  injection  water  50°  Fahrenheit's  scale,  we  shall  have  the 
following  formulae : 

V  Single  acting  air  pumps. 

}-  Double  acting  air  pumps. 

D2s?^(890  +  T)  „,    ^      , 

<i~,,.,  A/>n — i — 7^  ^^ea  of  loot  valve. 
Zi^jOOO  mk  s/lp 

By  the  last  formula,  it  appears,  the  proper  area  of  the  foot  valve  is 
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indcjiendont  of  the  capacity  of  the  air  pump, — sucli  is  actually  the 
case:  if  the  foot  valve  is  made  too  Buialj  tlje  air  cannot  ])umj)  water 
eiiouu:]!  for  a  good  vacuum,  however  large  il  may  he.  It  is  most  fre- 
(lueiitly  the  case  in  propeller  engines  that  the  air  pump  is  too  large 
and  the  foot  valve  too  small. 

.KxLimjth'. — A  single  acting  air  pump  i.s  to  be  constructed  for  an 
engine  of 

D=  7r)'75  inches,  the  diameter  of  cylinder. 
vS  =  30  inches,  the  stroke  of  piston. 

Steam  pressure  to  be  20  lbs.  per  s(juare  inch,  expanded  I  ;  vacuum 
in  the  condenser  to  be  12*75  lbs.,  or  ^  =  2 ;  stroke  of  the  air  pump 
piston  to  be  «  =  18  inches.  Kecjuired,  the  diameter  of  the  air  pump 
d,  and  area  of  the  foot  valve  a  ? 

Steam  pressure,  20+  15=  35  lbs.;  expanded  one-half  =  17*5  lbs., 
the  pressure  of  the  exhaust  steam;  temper;iture  T  =  221°,  and  k  = 
1410  the  specific  volume.     The  diameter  of  the  air  pump  will  be 


c?  =  0-32Gx  75-75 


I  30  (890  4-22 1)  _  on  ri-     , 
^ :  =  c>0-o4  inches. 

\|       1440x18 


The  air  pump  making  ??=45  double  strokes  per  minute,  area  of  the 
foot  valve  will  be 

75-752x36x45(890  +  221)      ^^, 

^  -    23,000x1440x0-04x7^  ^  ""^^  '^^"^''  ''''^''' 

The  dimensions  in  this  example  are  similar  to  that  of  the  engines  in 
tlie  line-of-battle  ship  Mattvisan,  except  the  air  pumps,  are  there  42 
inches  diameter,  and  area  of  the  foot  valve  is  only  273  square  inches, 
while  this  example  gives  only  30*04  diameter,  and  344  square  inches 
of  foot  valve. 

This,  I  believe,  is  an  error  in  all  the  upright  trunk  propeller  engines. 

Referring  to  the  Artizan  for  November,  1850,  it  will  be  found  that 
the  United  States  steam  frifi^ate  Merrimac  suffered  the  breakinir  down 
of  her  foot  valves  on  her  passage  from  America  to  England.  The 
Artizan  states  that  the  original  foot  valves  were  only  170  square  ins., 
that  new  ones  were  replaced  of  230  square  inches,  while  the  frigate 
laid  at  Southampton,  and  that  about  one  pound  of  vacuum  was  gained 
with  the  increased  foot  valve.  Dimensions  of  the  cnojines  of  the  Merri- 
mac  are,  diameter  of  cylinders  72  inches,  stroke  of  piston  3  feet,  diame- 
ter of  air  pumps  22  inches,  stroke  of  air  pump  3  feet  double  acting. 

When,  by  this  calculation  and  formulcie,  the  area  of  the  foot  valve 
becomes  nearly  the  same  size,  or  greater  than  the  area  of  the  air  pump 
piston,  the  latter  must  be  made  double  acting,  and  half  the  calculated 
area  of  the  foot  valve  to  be  applied  at  each  end  of  the  air  pump.  In 
very  high  velocity  the  area  of  the  foot  valve  may  become  greater  than 
the  area  of  the  double  acting  air  pump ;  in  such  cases  it  is  necessary 
to  make  plungers,  so  that  the  section  area  of  the  space  in  which  the 
plunger  moves  is  greater  than  the  area  of  the  foot  valve,  and  the  ope- 
ration will  be  rendered  eflBcient. 
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On  Etching.''^ 

Ornamentation  on  metals,  glass,  and  porcelain,  has  come  into  consi- 
(l(M-al)]e  use;  and,  believing  as  we  do,  tliat  such  work  would  not  only  be 
])leasant  to  amateurs,  but  might  also  be  useful  to  others,  we  think  that 
a  few  brief  and  practicjil  notes  on  the  subject  may  not  be  out  of  place. 

First,  as  regards  coj)per  plates — which  in  many  respects  have  an 
advantage  over  steel  for  the  use  of  amateurs, — procure  a  thin  plate, 
properly  polished  on  the  surface,  at  any  of  the  regularly  established 
copper-smiths.  These  can  be  had  of  the  size  of  several  feet  down  to 
a  few  inclies.  The  surface  of  the  plate  being  bright  and  free  from 
tarnish,  remove  all  grease  with  great  care  by  washing  with  spirit  of 
turpentine  and  then  rubbing  with  very  fine  whitening  and  wash-leather. 
Care  must  be  taken  not  to  scratch  the  plate. 

Having  got  rid  of  all  grease,  fix  a  hand-vice  to  one  corner  or  some 
other  convenient  part  of  the  plate  ;  it  is  then  ready  for  the  reception 
of  the  etching-ground — a  preparation  chiefly  composed  of  asphaltum, 
pitch,  and  virgin  wax  ;  there  is,  how^ever,  a  great  art  in  making  this 
sufiiciently  plastic,  so  as  to  admit  of  its  being  properly  spread  upon 
the  plate  when  heated.  It  is  better  for  ordinary  purposes  to  purchase 
it  at  the  copper-smith's  or  tool-shop,  where  a  supply  can  be  had  for 
about  one  shilling.  A  dabber,  for  the  purpose  of  laying  the  ground 
on  the  plate,  is  also  necessary.  This  is  of  a  mushroom  shape,  and 
composed  outwardly  of  very  fine  silk  or  kid  leather,  free  from  grease ; 
the  inside  is  padded  with  wool.  This  can  be  readily  made  by  any  per- 
son ^yho  has  seen  one  of  them.  In  order  to  prevent  any  grit  or  im- 
purity which  may  chance  to  be  in  the  etching-ground,  it  is  better  to 
tie  it  in  silk.  For  the  purpose  of  heating  the  plate,  a  hot  iron,  or  a 
spirit  lamp,  placed  below  an  iron  frame  on  which  the  plate  may  rest, 
or  other  contrivance  may  be  used.  Care  is  to  be  taken  to  make  as 
little  dust  as  possible.  The  metal  must  not  be  allowed  to  get  too  hot, 
for  that  would  burn  the  etching-ground,  and  prevent  it  from  sufficiently 
resisting  the  acid.  The  plate  being  of  a  proper  heat,  by  drawing  the 
etching-ground  over  the  face,  a  small  quantity  w^ll  be  lodged  upon 
it.  This  in  the  first  instance  is  uneven  ;  but  may  be  spread  in  a  flat, 
thin,  even  manner.  Every  part  must  be  covered  by  the  ground,  or 
else  the  acid  would  leave  such  places  as  are  bare  liable  to  be  corroded 
into  holes.  The  ground,  when  this  is  spread  on  the  surface,  is  of  a 
light  brown  color,  so  delicate  that  it  is  difficult  to  see  any  pencil  out- 
line which  might  be  transferred,  or  properly  to  see  the  scratches  made 
by  the  etching-needle.  In  order  to  darken  this,  it  is  necessary,  while 
the  plate  and  etching-ground  are  still  warm,  to  smoke  it  by  the  flame 
of  a  wax  taper  or  candle.  The  flame  must  be  kept  moving  about,  and 
not  allowed  to  touch  the  plate  so  closely  as  to  burn  the  ground. 

These  operations,  although  simple,  require  some  little  practice  and 
experience ;  and  it  is,  perhaps,  a  good  plan  either  to  take  a  lesson  or 
two  in  ground-laying,  and  the  other  parts  of  this  process,  from  an  en- 
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fjravor,  or  else  to  ^oi  one  of  this  prorcssion  to  lay  the  ground  and  bite  ia 
iho  ])late  \s\\Q\\  etclitMl, 

Tlie  «;roiind  having;  Ikhmi  ukkIo  roady  and  llic  plate  cold,  an  ontlino 
of  the  8ul)ji'ct,  pre])art'd  on  ordiiiary  or  tracing  ])apc'r,  should  he  damped 
and  transferred  by  njeans  of  pressure.  The  best  way  to  niana;^e  this 
is  to  take  it  to  a  copper-plate  printer,  who  will  do  it  eflectually  for  a 
few  penee  ;  for  those  livinu;  in  the  country  where  such  convenience 
cannot  properly  be  had,  this  transfer  can  be  made  by  one  of  the  ordi- 
nary letter  eopyinpr  maehinos,  or  by  .L^oini;  very  (hdieately  over  the  back 
of  the  outlijies  with  a  pencil  or  other  instrument  which  is  not  too  sharp. 

This  having  been  done  by  means  of  an  etching-point,  which  can  bo 
had  at  the  tool-makers,  the  design  can  be  readily  scratched  upon  the 
]»late.  Attention  is  needed  to  mark  the  lines  (jnite  through  the  ground. 
The  hand  should  also  be  prevented  from  coming  in  contact  with  the 
ground,  and  all  unnecessary  scratches  be  carefully  avoided.  This  may, 
to  a  considerable  extent,  be  done,  by  forming  a  bridge  of  a  flat  ruler, 
supported  by  pieces  of  card-board  or  folded  paper. 

Wherever  the  etching-ground  has  been  passed  through  by  the  etching- 
needle,  that  part  is  liable  to  be  eaten  into  a  line  by  the  application  of 
acid;  on  no  other  portion  however,  if  properly  done,  should  the  acid  work. 

It  being  necessary  to  cover  the  etching  with  an  even  depth  of  di- 
luted acid  (from  a  quarter  to  half  an  inch),  in  order  to  produce  equality 
in  the  biting,  it  is  needed  to  form  a  wall  of  wax  round  the  margin  of 
the  work.  The  best  matei-ial  for  this  is  bees-wax  with  a  small  part  of 
Burgundy-pitch  added,  and  then  the  mixture  boiled  until  the  whole  is 
■well  mixed.  This,  when  needed  for  use,  should  be  put  into  warm 
"water,  and  then  it  can  be  readily  raised  round  the  plate  and  pressed 
down  by  the  fingers,  and  after  that  more  firmly  by  the  handle  of  the 
etching-point,  so  that  a  sort  of  tank  is  formed,  which  will  contain  the 
acid  as  long  as  it  may  be  necessary. 

With  the  greatest  care  scratches  may  be  made,  or  it  may  be  neces- 
sary to  erase  parts,  or  the  wax  wall  may  not  be  sufficiently  tight.  In 
order  to  remedy  this,  turpentino-varnish,  or  the  ordinary  "  Brunswick 
black"  used  for  stoves,  may  be  employed,  thinned  to  a  proper  extent 
by  turpentine,  and  applied  Avith  a  black-lead  pencil. 

For  the  purpose  of  "biting  in"  the  plate,  as  the  engravers  call  it, 
nitrous  acid  of  the  purest  description  should  bo  mixed — one  part  of 
acid  and  three  parts  water — which  should  be  stirred  up  with  a  feather 
or  pencil ;  soon  the  lines  will  be  covered  with  minute  globules ;  and, 
in  proportion  to  the  time  the  acid  is  allowed  to  remain,  the  etched  lines 
will  become  thicker  and  deeper. 

As  a  matter  of  course,  in  order  to  produce  a  delicate  and  refined 
effect  a  variety  of  thicknesses  of  line  is  desirable  ;  and,  although  much 
can  be  done  by  the  pressure  of  the  point,  by  hatching,  doubling  lines, 
&c.,  it  is  in  most  cases  necessary  to  allow  the  acid  different  times  of 
action;  for  instance,  it  will  be  desirable  to  keep  distant  mountains  and 
landscape  thin,  and  to  bring  out  the  foreground  by  bold  and  deep  lines. 
In  order  to  manage  this,  the  acid  must  be  poured  off"  into  a  vessel  for 
further  use,  and  then  the  plate  must  be  well  washed  with  clear  T\'ater, 
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and  afterwards  drlod  with  a  l)cllows  or  other  means ;  then  sucli  parts 
of  tlio  etchin^^as  are  of  suf]ici(>nt  depth  sliould  be  covered  with  tlic  var- 
nisli  in  tlie  same  manner  as  tlie  blemishes  to  wliicli  we  liave  referred. 
This  operation  may  be  performed  any  number  of  times,  each  time 
>vashiii;i;  and  drying  tlie  ])late  ;  tliis  must  be  also  done  when  the  biting 
is  completed  ;  and,  then,  by  gently  heating  the  back  of  the  plate,  the 
"wall  may  be  drawn  oif,  and  by  means  of  a  little  spirit  of  tur})cntine 
and  oil,  the  surface  of  the  phite  may  be  cleared  of  tlie  etching-ground. 
There  are  other  operations,  such  as  re-biting,  re-etching  (by  touching 
"W'ith  the  graver),  and  by  working  with  a  point  without  the  use  of  acid, 
&c.,  &c.;  these,  however,  would  require  much  space  to  describe,  and 
this  we  will  not  just  now  do,  as  it  is  more  particularly  our  object  in 
mentioning  the  above  to  make  operations  which  might  be  useful  in  many 
manufactures  more  readily  understood. 

In  the  same  manner,  but  with  the  use  of  different  acids,  and  on  any 
scale,  etching  may  be  applied  to  steel,  iron,  brass,  glass,  and,  lately, 
we  are  told,  to  porcelain.  For  steel,  nitric  acid  very  largely  diluted 
"with  pyroligneous  acid  until  it  does  not  taste  much  stronger  than  vine- 
gar, is  best.  On  brass  we  have  seen  diaper  and  other  ornaments  pro- 
duced with  great  clearness  and  rapidity  in  the  following  manner.  On 
large  works,  such  as  monumental  brasses,  experience  has  shown  that 
in  the  biting,  either  by  nitric  or  nitrous  acid,  before  a  great  depth  is 
got  the  biting  of  the  lines  is  stopped  by  the  formation  of  a  black  oxide, 
"which  it  requires  a  very  strong  preparation  of  nitrous  and  sulphuric 
acid  to  remove  and  keep  in  solution ;  and  this  after  a  time  proves  too 
strong,  and  tears  up  the  ordinary  etching-ground ;  it  has,  however, 
been  found  that  turpentine-varnish,  if  allowed  for  a  few  days  to  harden, 
lias  a  great  resistance ;  and  by  the  use  of  this  when  diapers,  &c.,  are 
outlined,  the  raised  parts  may  be  painted  with  the  varnish  ;  and,  when 
hard,  the  acid  applied ;  and  it  is  astonishing  what  good  effect  may  be 
produced  by  these  means.  Large  surfaces  for  the  relief  of  foliage, 
figures,  letters,  &c.,  may  by  this  means,  be  executed  with  rapidity, 
either  for  filling  in  with  colored  shellac  or  pigments. 

The  painting  of  these  ornamental  plates  with  varnish  might  be  the 
means  of  affording  employment  to  females,  and  probably  the  prepara- 
tion of  embossing,  and  otherwise  ornamenting  glass  to  be  bitten  by 
fluoric  acid,  might  also  be  brought  into  far  more  extensive  use  than  it 
is  at  present,  and  would  also  provide  a  certain  amount  of  respectable 
labor  for  females. 
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Amalgamator, 

G.  M.  Norton, 

San  Francisco 

Cal. 

18 

Amalgamators, — Quartz 

\Vm.  11.  and  I.  Scoviile, 

Chicago, 

111. 

25 

Annealing  Apparatus, 

Joseph  Worcester, 

Newport, 

Ky. 

25 

Apple  Parer,  Corer,  and  Slicer, 

J.  J.  Parker, 

Marietta, 

Ohio, 

11 

Aqueducts, 

John  Osborn, 

Mt.  Carmel, 

Conn. 

4 

Augers, 

J.  M.  Hathaway, 

City  of 

N.  Y. 

4 

Axes  to  Handles, — Fastening 

W.  H.  Livingston, 

(( 

(( 

25 

Barometer, 

E.  F.  Hamann,    . 

CoUikoon, 

N.  Y. 

18 

Barrel-head  Machine, 

C  B.  Hutchinson,      ♦ 

Auburn, 

« 

11 

Riitliinj;  'Pubs, — Imlia-rubbiT 
Ui'd  MolliMii  ^jtriiin, 
UeilsttMul, 

•         , —  Polding  Case 

,— Spring 

U»><'luvcs, 

lictT.  —  Fa<Mith>us 

liciiiliiii;  Wood, 

IJilliiinl  Tal)lc.s, — Cushions  lor 

IJlovvcis, 

IJoards,  —  Miirhiiir  lor  Thiiiiiiiig 

iJolt.  — t^hiittor 

Hoiiiltshclls, 

IJotllcs,— Forming  Screws  in 

13t)ois  and  Slioos, 

■ ,— Hod  lor 

IJoot  and  Shoe  S')li's, — Cutting 

]{o\i\s. —  Device  for  Joining 

Urirk  Moulds, 

13  room, 

lUick wheat.  Sec, — (^loaning 

Burghir  Alarm, — Electro-mag. 

Candles, — Moulding 

(^ane  .Inice, — Sulphurous  acid  to 

Carpet  Lining, — flaking 

Carriage  .lack, 

Carriages, 


, — Exfenpion, 

Cars  from  one  track  to  another, 

Cartridges, — Metallic 

Cement, 

Chains, — Link  for 

Chair  for  Invalids, 

Seat, 

Cheese, — Pressing 

Vats, 

Clothes  Frame, 


Dryer, 


Clock, — Calendar 
Colfee, — Cleaning,  Dr3'ing,  &c. 
Compass  Protractor, 
Condensation, — Apparatus  for 
Corn  Planters, 


Shellers, 


and  Cleaners, 


Cotton  Bales, — Iron  Ties  for 

■ , — Metallic  Bands 

Cleaners,   . 


Gins, 


-, — Feeders  for 


Scrapers, 

Seed, — Hulling 

■ Planters, 

Couplings, — Railroad  Car 
for  City  Railroads, 
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Ramsay  ^  \N'il«on, 

fJrafton, 

Va. 

A 

li.  R.  ( 'rampton, 

]<()(-kpi>rt, 

N.  Y. 

IS 

n.  S    J'tiuKle.       . 

llarnrHvdle, 

(;.i. 

\ 

Eihan   Wlntiiev, 

Lynn, 

MasH. 

IH 

1).  H.  Lmlilner,   . 

Bnc\  ru«, 

Ohio, 

4 

.loilll    .l.l(-ol)K, 

(,'<d(iiiii)UM, 

•' 

tirj 

Ferdin.inil  Luedke, 

<'ily  of 

N.  Y. 

'z:^ 

Spanldini;  tt  I'ierce, 

\\'eNtmin8ter, 

.M»«H. 

11 

H.  \V.  Collrnder, 

City  of 

N.  Y. 

2.5 

1'.   H      Konts. 

('onnerKvillc, 

Iiid. 

•-;.') 

SImidm   Case, 

LiiMipkiii, 

(ia. 

4 

Auiiir-tus  Reeve, 

Aliowa\slown, 

^.  J. 

IS 

\\  in.  Kit-e. 

iMnlid.dplua, 

Pcnnn 

.  11 

Ji»llll     FoClT, 

(il.ihsliorou;^!), 

i\.  J. 

18 

.1.  M.  All.-n, 

Fi('deriekl(»wn, 

Ohio, 

18 

D.  E.  Somes, 

Blddc  ford. 

Me. 

18 

L.  S.  (i raves, 

Ivorhesler, 

IS.  Y. 

18 

Wright  Duryea, 

(y'ily  of 

ti 

11 

Matthew  Elder.   . 

Lansing, 

Mich. 

11 

\V  .  H ,  'J'owirs, 

Ciiy  of 

N.  Y. 

4 

.1.  H.  Reed 

I'enn  Towns'p 

,  Penna 

4 

Jacob  lialler, 

Ann  Arbor, 

Mich. 

2.-3 

Antonio  Meucci, 

Richmond  co.. 

N.  Y. 

2. -3 

Thomas  Byrne, 

Baton  Rouge, 

La. 

4 

J.  R.  Harrington, 

City  of 

N.  Y. 

11 

J.  Card, 

Cleveland, 

Ohio, 

25 

El'ner  &  Sperry, 

Ann  Arbor, 

Mich. 

4 

A\'icklin  <Sc  Weaver,  . 

(,'arlinville. 

III. 

4 

J.  A.  X  ay  lor, 

Rah  way. 

i\.  J. 

4 

Wm.  Wharton,  Jr., 

Phil.tdelphia, 

Penna. 

18 

Ethan  Allen, 

Worcester, 

Mass. 

25 

P.  A.  Letonrneur, 

JVew  Orleans, 

La. 

11 

G.  W.  i\.  Yost,  . 

Yellow  S])rings 

,Ohio, 

11 

Chas.  Messenger, 

\\'arren, 

•' 

25 

L.  B.  Batcheller, 

Rochester, 

N.  Y. 

II 

Wm.  McAllister, 

Gerry, 

tt 

4 

Wm.  Ralph, 

liolland  Patent 

(( 

25 

S.T.Lamb. 

N.  Washington 

,'lnd. 

18 

Patrick  Codv, 

Hamilton, 

N.  Y. 

25 

H.  E.  Fickett, 

(ilenn's  Falls, 

i( 

4 

0.  P.  Allen, 

Rindge, 

IV.  II. 

11 

T.  T.  Strode, 

Mortonville, 

Penna. 

25 

Wm.  IS'ewell, 

Philadelphia, 

Penna. 

18 

F.  H.  West, 

San  Francisco, 

Cal. 

25 

Mihan  &  Lane,  . 

Boston, 

Mass. 

18 

W\  G.  Savage, 

Clinton, 

111. 

25 

John  Underwood, 

Cameron, 

(( 

25 

L.  F.  Straight, 

Fairbury, 

(( 

11 

Michael  Hauseraan, 

Huntintrdon, 

Ind. 

4 

J.  C.  Richards, 

Jiafayette, 

«( 

25 

P.  Davy, 

Portsmouth, 

Ohio, 

25 

R.  W.  Fenwick, 

Washington, 

D.  C. 

25 

S.  C.  Ames, 

Washington, 

Ark. 

11 

Isaac   Hayden, 

Lawrence, 

Mass. 

11 

Charles  Smith,    . 

Knoxville, 

Texas, 

11 

H.  L.  Emerv, 

Albany, 

N.  Y. 

4 

S.  Z.  Hall,  ' 

Sequin, 

Texas, 

11 

J.  C.  'I'eague, 

Center  Hill, 

Miss. 

4 

Joel  Tilfany, 

Syracuse, 

N.  Y. 

18 

0.  L.  Gilison, 

Fort  Bend  co., 

Texas, 

11 

Jolin  McKinney, 

Lansing, 

Mich. 

4 

CoUyear  &  Patterson, 

Philadelphia, 

Penna. 

11 
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Cultivators, 


-, —  Ci)ltori 


Curtain  Fixture,  , 

Drntal  (>liairs, — (Construction  of 

lJivi(l(Ms, — Spring 

Door  Latch, 

Doors  and  Gates, — Closinjj 

Draw -bridges, — Self-acting 

Egg-l>oater, 


Electro-magnets,     . 
Electro-magnetic  Apparatus, 
Envelope, —  Prepaid 
Excavating  Machines,       . 

Faucets,  , 


Fences, 

Fibrous  Material, — Sheets  of 

Fire  Arms, 

, — Breech -loading 

, — Revolving 

Fire-places,  . 

Floodgates, — Self-acting 
Flour, — Preparation  of 
Furnaces,  . 


Elevators,  . 
Separators, 


Grate  Bars, 


Griddles, 
Gun  Carriage, 

Harness, — Snap  Hook  for 
Harrows, 


Harvester  Cutters, 
Harvesters, 


T.  i:.  C.  IJrinly, 
(Jillu'it  &L  Weston, 
W'li..  II.  and  L.  Si'ymour, 
J.  V.  Wood, 

(;.  w.  N.  Vost.  . 

W.  W.  Golsan, 
J.  C.  Sellers, 
J.  F.  Hall, 
J.  C.  Whilwell,    . 

Justus  Ask, 
J.   W.  Strantre,     . 
Jonalhan    V\'alton, 
Stephen  Stewart, 
Schneider  ik,  Montgomery, 

H.  F.  Drntt, 
Nicholson  &  Earle, 
C.    1'.  (/liester,      . 
Jerome  Kidiler, 
J.  B.  Murray, 
M.  B.  True, 

L.  L.  A 1  rich, 
Wm.  Cleveland, 
Jairics  Farnan, 
Henry  Burrows, 
Wm.  Fuzzard,     . 
C.  F.  Brown, 
Ethan  Allen, 
J.  M.  Cooper, 
Daniel  Moore, 

C.  A.  Littlefield, 
G.  B.  Maikham, 
Thomas  Byrne, 
Mellen  Battel,      . 
W.  D.  Thomas, 
Jones  &  Charpentier, 
A.  H.  Bartlett, 

August  Schmidt, 
T.  .1.  Mayall, 
R.  J.  Galling, 
R.  Hemingray, 
G.  W.  Scollay,    . 
S.  L.  Donnell, 
J.  B.  Tunison,     , 
Plant  &  Kaith, 
T.  H.  Green, 
Moses  Bugher, 
S.  M.  Wirts, 

D.  S.  Mackey, 
H.  W.  Putney,    . 
Daniel  Lasher, 
W.  W.Mars  h,     . 
G.  W.  Pittock, 
J.  J.  Walsh,         . 

John  North, 
M.  W.  House,     . 
Stewart  Neill, 
B    T.  Roney,       . 
H.  H.  Foye, 
J.  M.  Long, 
Rake  and  Reel  for  McClintock  Young,  Jr., 


, —  Bagasse 

•        , — Hot-air  . 

Gas  from  Wood, — Making 
Gas  Tubes, — Flexible 
Gearing, — Machine 
Glass  Jars, — Moulds  for    . 

Moulds, 

Grading  Instrument, 
Grain  Cleaning  Machine, 
, — Cleaning  and  Polishing 


— , —  Separating  &  Scouring 
— , — Sieves  for  Separating 


liouisvlllc,  Ky.  2.5 

Starkville,  Ga.  4 

M'cy  mouth,  Ohio,  1  1 

Ilouina,  La.  'J5 

Yellow  Springs,  (Jhio,  4 

Aulaui^aville,  Ala.  4 

Woodvdle,  Miss.  25 

Bari[4or,  Me.  4 

City  of  N.  Y.  25 

Lyons,  N.  Y.  4 

liangor,  Me.  11 

Brooklyn,  N.  Y.  11 

Philad.lphia,  Penna.  11 

Williamsport,          "  4 

Cumberland,  Md.  18 

Providence,  R    I.  25 

City  of  N.  Y.  4 

«'  18 

"                             •«  25 

Newburyport,  Mass.  18 

Carthage,  Mo.  25 

Orange,  N.J.  25 

Cleveland,  Ohio,  18 

Georgetown,  D.  C.  11 

Charlestown,  Mass.  18 

Warren,  R.  I.  18 

Worcester,  Mass.  18 

Pittsburgh,  Penna.  4 

Brooklyn,  N.  Y.  18 

Covington,  Ky.  11 

Mead's  Mills,  Mich.  4 

Baton  Rouge,  La.  4 

Albany,  N.  Y.  18 

Morristown,  Vt.  4 

New  Orleans,  Jia.  18 

SpuytenDuyviljN.  Y.  18 

City  of                     "  4 

Roxbury,  Mass.  4 

Indianapolis,  Ind.  18 

Covington,  Ky.  18 

St.  Louis,  Mo.  18 

S.  Carroll,  Tenn.  11 

Ovid,  N.  Y.  18 

St.  Louis,  Mo.  18 

Fon  du  Lac,  Wis.  4 

New  Philada,  Ohio,  18 

Hudson,  Mich.  11 

Batavia,  N.  Y.  18 

Lyons,  N.  Y.  25 

Brooklyn,                "  11 

Alton,  111.  18 

Union  Mills,  N.  Y.  11 

City  of                     "  25 

Middletown,  Conn.  18 

Cleveland,  Ohio,  4 

Chillicothe,  111.  4 

Philadelphia,  Penna.  11 

Ottawa,  III.  25 

Hamilton,  Ohio,  4 

Frederick,  Md.  18 
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Harvesters, —  Kiikinff  Appti's  for 

HurveslinjT  Machines, 
Hatchwnys, —  Opening  <Sc  Clos'g 
Hots, — Venlilating 
Hav  I'levating  FDiks, 

Kakes. 

and  Straw  Cutters, 


ITeating  by  Hot  Water, 

Hcatinir  Ihiildings, — Appa's  for 
Hemp  IJrakes, 


Hops, — Preserving  • 

Horse  Collars, — Hames  for 

Horse-powers, 

Horse  Rakes, 

Horses  to  Vehieles,— Attaching 

Hose, — Waterproof 

Hydrants,  . 

Jack  Screws, 

Journal  Boxes,  • 


Lamps, 


-  or  Torches, — Swinging 
-, — Hanging  Torch 
. — Moulds  for  Glass 


Lifting  Jack, 
liighlning  Rods, 
Locks, 


Lock  for  Burglar-proof  Pockets, 

, — Portable  Door 

Locomotive  Engines, 


-, — Dischar. 


Looms, — Power, 

Magneto-electric  Apparatus, 

Malt  Kilns, — Floors  for     . 

Manure  Spreader, — Roller  and 

Meat  Cutter, 

Medicinal  Extracts, — Prepar.  of 

Milk-straining  Pails, 

Mills, — Fanning     . 

, — Feeding  Grain  to  . 

Mill-dams, —  Waste  Gates  for 
Millstones, — Balancing     . 

, — Dressing 

,— Hanging 

Miter  Box, 

Mop  Wringer,  • 

Mortising  Machines, 

Motion, — Stopping  &  Changing 

Mowing  Machines, 

, — Hand 

Ore  Washer, 

Paddle  Wheel,— Stern 
Paper, — Trimming 
Parasols,  • 


W.  A.  Wood,      . 
('.  I*,  (ironherg,  . 

Bernliiird  Merl/-, 
E.  {\  Ford, 
Arthur  Mnginnirt, 
L.  A.  Heiirdtili-y, 
C.J.  Fiiv,         ■     . 

J.   1).   FcitliOUHiMI, 

D.  II.  W  hiltcniore. 
Hunter  «^  GeiKsenhainer, 
(ieorg(>  Mario w, 
Iv.  J    (irttling, 
Ives  Srovillo, 
J.  C.  Huldwin  and  others, 
Martin  Drew, 
Benjamin  Bogue, 
Daniel  Strt)ck, 
Austin  Avery, 
H.  A.  Alden, 
Albert  Fuller, 

E.  W.  Cady, 
P.  S.  Devlan, 

H.  J.  Batchelder, 
George  Neilson, 
L.T.  Pitkin, 
C.  H.  Cooper, 
Joshua  Jenkins, 
George  Benjamin,       . 
David  Wooster,   . 
J.  L.  Hall, 

C.  F.  Johnson  and  otherSj 
George  Rosner, 

E.  P.  Whitney,   . 
Wm.  J.  Scott, 

E.  G.  F.  Arndt,  . 
A.  J.  Graham, 
John  Greacen,  Jr., 
Furbush  &  Crompton, 

H.  N.  Baker,       . 
Henry  Franz,  , 

J(;hn  Lyker, 
J.  G.  Perry, 

A.  J.  Despinoy,   . 
H.  Buckins, 

B.  F.  Roe, 

M.  H.  Ferguson, 
Sidney  Hudson, 

D.  Fellenbaum,  . 

C.  D.  Hrewer, 
Z.  McDaniel, 
H.  B.  Nash, 

C.  S.  Schmidt, 
H.  C.  Smith, 

F.  A.  Pratt, 
Henry  Marcellus, 
J.  M.  Spencer, 

B.O'Bryan, 

D.  K.  Peoples, 
Julius  Koch, 

Davis  &  Frost,  . 


HooHick  FallH,  N.  V.  11 

Aurorn,  III.  11 

Hurlinglon,  lown,  I  I 

City  of  N.  V.  25 

IMiiliidrlphia,  }*ennn.  1  I 

S.  Ednn'Kion,  N.  Y.  1 1 

Haminoiiton,  N.  J.  25 

Mich.  City,  Ind.  18 

J^yrichburg,  Va.  4 

City  of  N.  Y.  18 

C'inciiinali,  Ohio,  1  I 

Indianapolis,  Ind.  4- 

Chicag..,  III.  25 

Walcrville,  IS'.  Y.  25 

St.  Paul,  Minn.  IH 

Trenton,  Iowa.  4 

Chambershurg,  Pentia.  11 

S.  \N  iiidham,  (>orMi.  18 

Matteawan,  N.  Y.  18 

Cincinnati,  Ohio,  4 

Tomah,  "Wis.  II 

Elizabelhport,  N.  J.  25 

Marlboro',  Mass.  18 

Boston,                     "  18 

Hartford,  Conn.  18 

City  of  N.  Y.  18 

Boston,  Mass.  18 

Avoca,  N.  Y.  18 

Seymour,  Conn.  4 

Cincinnati,  Ohio,  25 

Owego,  N.  Y.  11 

Rochester,                "  18 

Westficld,                «  4 

Albany,       .             "  25 

Rondout,                  "  18 

Portland,  Oregon,    4 

City  of  N.  Y.  4 

Worcester,  Mass.  4 

Binghampton,  N.  Y.  4 

Philadelphia,  Penna.  25 

Argosville,  N.  Y.  25 

S.  Kingston,  R.  I.  18 

Lille,  France,  18 

Canton,  Ohio,  18 

Nebraska  City,  Nebr.  11 

Sunfish,  Ohio,  11 

Milford,  Mich.  4 

I^ancaster,  Penna.  4 

Lewisburg,              "  4 

Bowling  Green,  Ky.  1 1 

Sandy  Hill.  N.  Y.  11 

Citv  of                     "  25 

Clarksville,  Ohio,  4 

Hartford,  Conn.  4 

Amsterdam,  N.  Y.  4 

Enfield,  Me.  4 

Lancaster,  Penna.  18 

Philadelphia,  Penna.  18 

S.  Adams,  Mass.  4 

Waterlown,  Conn.  25 
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Put  torus, — Miirkinp;  Waving 
Pill's  bv  Atmos.  I'iCHKure, — Diiv, 
Pipe, —  (/iisliii^ 
Pipes, —  Moulding  M<>lal 

, — 'i'lippiiiK  Water 

Plaiiew, — Moulding 
Planing  Macliinc, 
Planing  Mouldings, 
Ploniilis,  . 


-Mole 


—  ■■ , — Capstans  for 

Post  Holes, —  Earth  Borers  for 
Potato  Planters, 
Presses, — Anti-friction 

, — Drop 
, — Cotton    . 


Projectiles, 
Propulsion, — Marine 
Pro[)eiler, — Marine 
Pumps,  . 


Railroads, 

Railroad  Cars, — City 

Frog, 

• , — Substitute  for 


Joints, 
Switch, 


Railroads, — Safety  Guards  for 

Rakes, — Horse 

Ranges  and  Stoves, 

Reaping  Machines, 

Reed  Instrument, — Steam 

Refrigerator, 

Rice,—  Cleaning     . 

, — Polishing  . 

■ , — Scouring    . 

Rifle  Balls,— Moulds  for    . 
Rock-drilling  Machines, 
Ruffles, — Manufacture  of  . 

Saddles, 

Saddle  Trees, 

Sad  Iron, 

Sails  for  Vessels, — Fore-and-aft 

Salt, — ManuOicture  of  Common 

Sap  from  Trees, — Collecting 

Sap  Conductors,     . 

Saw  Clamp,  . 

Frames, — Wood 


Grinding  Machine, 
Teeth, 


Saws, — Grinding    . 

, — Handles  to  Cross-cut 

,_Wood 

Sawing  Machine, — Hoop  . 


American  Patents 

Alhort  MolTct,      . 
W.  S.  Smith, 
Alfred  Brady,       . 
Homer  I'arnialee, 
Jacob  Drake,         . 
(vlias.  Fleming, 
H.  D.  Stover, 
Wm.  Kankin, 
T.  E.  (;    Brinly, 
G.  W.  (Cunningham, 
H.J.  Eraser, 
Waller  Warren, 
W.  T.  Zollickotrer, 
W.  B.  Atkinson, 
H.  Barley, 
A.  liittle  and  others, 
A.  S.  Ballard,       . 
G.  W.  and  J.  J.  Kersey, 
A.  H.  Emery, 
M.  and  C.  Peck, 
P.  (J.  Gardiner,  . 
W.  T.  Opie, 
Maximilian  Wappich 
J.  W.  (Cochran, 
L.  B.  Flanders,    . 

A.  E.  Harding, 
Henry  Pease, 
G.  C.  Sclfridge, 

B.  F.  Lee, 
Joseph  Harris,  Jr., 
J.  M.  Robb, 
Black  &  Ford, 
L.  B.  Tyng, 
G.  E.  Beach, 
Thomas  Stewart, 
J.  C.  Stoddard, 
J.'G.  Treadwell, 
W.S.  Stetson, 
G.  G.  Ray, 
Kirby  Spencer, 
Silas  Dodson,       . 
Daniel  Ijombard, 

Lewis  Evans, 
L.  M.  Gilmore,     . 
G.  B.  Arnold, 

J.  H.  Boyd, 
S.  E.  Tompkins, 
L.  S.  Chichester, 
A.  C.  Tibbetts, 
'i'homas  S|)encer, 
E.  W.  Ormsbee, 
Homer  Hecox, 
J.  H.  Dunbar, 
Wm.  H.  Livingston, 

Wm.  Dougherty, 
Ira  Mason, 
H.  R.  Burger, 
Isaac  Pelham, 
Augustus  Pruyn, 
Joseph  Raub, 


Bristol, 

Ohio, 

4 

'J'renton, 

N.J. 

4 

City  of 

N.  y. 

18 

Philadelphia, 

l^enna. 

4 

City  of 

N.  y. 

18 

Yjjsilanti, 

Mich. 

II 

(Jity  of 

N.  y. 

4 

.          l^rovidenre. 

Va. 

11 

Louisville, 

Ky. 

4 

Paris, 

Mo. 

2.5 

Kansas  (City, 

<t 

25 

Penn  Yan, 

N.  y. 

25 

Shelbyville, 

Tenn. 

25 

Plymouth, 

III. 

18 

'i'ijjton, 

Iowa, 

18 

Decatur, 

III. 

11 

Mt.  Pleasant, 

Ind. 

25 

cy,      Beartown, 

Penn  a. 

25 

Cily  of 

N.  y. 

11 

New  Haven, 

Conn. 

4 

City  of 

N.  Y. 

4 

Scarboro, 

Ga. 

4 

,          Sacramento, 

Cal. 

4 

City  of 

N.  Y. 

25 

Cleveland, 

Ohio, 

18 

Middletown, 

(( 

11 

Brockport, 

N.  Y. 

11 

N.  Greenfield, 

(( 

4 

City  of 

N.  Y. 

11 

.         Roxbury, 

Mass. 

4 

Charleston, 

S.  C. 

25 

Erie, 

Penna. 

25 

Lowell, 

Mass. 

11 

Jersey  City, 

N.J. 

25 

Pittsburgh, 

Penna. 

11 

Worcester, 

Mass. 

11 

Albany, 

N.  Y. 

11 

Baltimore, 

Md. 

25 

Boston, 

]\Iass. 

4 

Minneapolis, 

Ind. 

25 

San  Francisco 

Cal. 

25 

•         Boston, 

Mass. 

4 

(( 

<( 

4 

.         Morgantown, 

Va. 

18 

Janesville, 

Wis. 

11 

City  of 

N.  Y. 

25 

Baltimore, 

Md. 

25 

Newark, 

N.J. 

25 

City  of 

N.  Y. 

4 

Rockland, 

Me. 

11 

Syracuse, 

N.  Y. 

25 

Montpelier, 

Vt. 

4 

Rutland, 

N.  Y. 

4 

Plymouth, 

Conn. 

11 

City  of 

N.  Y. 

18 

(( 

(( 

18 

Philadelphia, 

Penna. 

25 

Berlin, 

N.  H. 

11 

Richmond, 

Va. 

11 

Ithaca, 

N.  Y. 

25 

Albany, 

(( 

11 

Highland, 

Penna. 

11 
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Sftwinij  Out  81uii^Ic8, 
8i'lu)i»l  Dosk, 
8cl>o()l  Dosks, — System  of 
Scoil  IMaiittTs, 


Scrclinij  Machines, 


So  will:; 


Shoatliing  Ships,  &c., 

Shiii;;los, — Sawing 

Ship-luiililinu:, 

Ships  Air  Torts, 

Windlass, — Vertical 


Shirt  Bosoms, 

Shirtin<;. — Evening  the  Edges  of  A.  T.  L'mlerhill, 


J.  K.  Hall, 
A  imiH  ( 'him*, 
S.  I<    WiikniMon, 
W.  II.  Harlur, 
W.  \V.  (iolrtan,    . 
A.  F.  Hints, 
B.ill  cSl  .Niuiinan, 
JJcnjamm  i]arniird, 
David  Eld  red,       . 
A.  K.  l».irk, 
(J.  U.  Ot  A.  Arnold, 
Dwighl  Traey, 
T.  S.  Washl.urn, 
Johrj  Ri'vcre, 
Aui;ust  PiMMot,    . 
S.  L.  Pioiiriier, 
Mau[)in  iV  Ivonke, 
Charles  Perley, 
Ira  Forego,  Jr., 


Shoe  Lasts, 

Skates, 

Smoothing  Iron  and  Lamp, 

Smut  Machines, 

and  Scouring  Machines, 

Sowing  Machines, 


Franklin  ALiynard, 
liUthor  FoLig, 
Leonard  Bricker, 
H.  W.  Shipley, 
James  M'hite, 
J    L.  G Arlington, 
W.  D.  Mason,     . 
Samu<d  Leonard, 
VVm.  Robinson,  . 


Spoke-shave, 

Staves, — Jointing  . 

— — — , — Riving  and  Dressing 

Stables  for  Horses,  &c., — Safety    Wm.  E.  Mclntirc, 

Stave  Jointer,  .  Edmund  Greenlee, 

— — .   Machines,      .  S.  F.  Golston  and  oth 

Steam  Boilers. — Grates  for  F.  A.  Hull, 

■  Engines,     .  Wallace  Wells,  . 

■ , — Cut-oflf  valves  George  Frost, 

, — Governors  for  S.  H.  Miller, 

, — Oscil.  Valves  George  Burnham, 


■  Hammers, 

Heating  Apparatus, 

Steel, — Converting  Iron  into 

Stench  Trap  for  Sinks, 

Stirrups, 

Stoves, 

, — Cooking 

,— Fruit  Dry'g  D.  C.  Colby, 


Thomas  Beach    . 

C.  A.  Wilson, 
E.  G.  Pomeroy,  . 
Thomas  Sheehan, 
Alfred  Carson,     . 

D.  W.  Clark, 
W.  B.  Treadwell, 
Zebulon  Hunt, 


Stove  Grate,  . 

Straw  Cutters, 

, — Feeder  for 

Street  Paving, — Rammer  for 

Sugar-cutting  Machine,     . 

Sugar, — Reftning   . 

Swifts, 

Scythes, — Hardening 

Tanning, — Apparatus  for 
Teaching  Children, 
Thread-dressing  Machines, 
Threshing  Machines, 
■  • 

Tiles, — Blocks  for  Forming 
Tobacco,— Straightening,  &c., 


J.  W.  Parnell, 
Wm.  B.Kern,     . 
Daniel  Fasig, 
Win.  Beach, 
Charles  Kingler, 
H.  G.  (J.  Paulsen, 
M    Hemingway, 
Holman  <fc  Kelly, 

Wm.  H.  Heald, 
J.  J.  Johnston,     . 
Julius  Loeb, 
David  Barger, 
A.  B.  Crawford, 
James  Molyneux, 
W.  W.  Justis, 


UrutiHwirk, 

Mo. 

1 1 

JV.   \N  rare. 

N.  II. 

1  ( 

OoKH  Plains, 

'rt'iiii. 

IH 

Wt)lcottvillo, 

Conn. 

4 

Aut.iui{nvillc, 

Ahi. 

4 

Wahhinntoii, 

D.  C. 

4 

DaytiMi, 

Ohio, 

25 

Fariniiigton, 

" 

•J.'i 

Monmouth, 

III. 

a.5 

(v«)luml)ia, 

'J'exas, 

4 

(;ity  of 

N.  V. 

25 

Worcester, 

Mass. 

11 

Rochetter, 

.N.  Y. 

11 

Boston, 

Mass. 

4 

Cliiiton, 

Wis. 

4 

City  of 

N.  V. 

4 

I'ortsmouth, 

Va. 

18 

City  of 

N.  V. 

11 

" 

it 

25 

t< 

(i 

11 

Camhridge, 

Mass. 

25 

Boston, 

" 

4 

Springfield, 

III. 

11 

Mt.  Vernon, 

Ohio, 

11 

Cleveland, 

it 

25 

Snapp'g  Shoah 

?,Ga. 

25 

Jarrall's  Depot 

,  Va. 

4 

.          Bridgewater, 

M  ass. 

18 

Augusta, 

Ga. 

11 

ti 

t( 

11 

Salem, 

Mass. 

18 

Summerhill  t'f 

»,  Penna. 

11 

lers,    BulFalo, 

N.  V. 

25 

Bolvidere, 

III. 

11 

City  of 

IV.  Y. 

IL 

Brooklyn, 

>( 

25 

Hanoverton, 

Ohio, 

11 

Pittsburgh, 

Penna. 

25 

Freeport, 

i( 

4 

Cincinnati, 

Ohio, 

4 

City  of 

N.  Y. 

4 

Dunkirk, 

(i 

4 

City  of 

i< 

25 

Stratford, 

Conn. 

11 

Alb.my, 

N.  Y. 

18 

Hudson, 

(t 

25 

Newport, 

N.  H. 

18 

Troy, 

N.  Y. 

25 

Middlebourne, 

Va. 

18 

Rowsburg, 

Ohio, 

4 

Philadelphia, 

Penna. 

18 

City  of 

N.  Y. 

25 

(t 

t( 

18 

Watertown, 

Conn. 

18 

Slaterville, 

R.  L 

18 

.         Baltimore, 

Md. 

11 

Alleghany, 

Penna. 

4 

City  of 

N.  Y. 

11 

Columbia, 

if 

11 

Piqua, 

Ohio, 

4 

Bordentown, 

N.J. 

II 

Genito, 

Va. 

11 
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American  Patents 


Toilet, — Composition  for 
'J'rciidlr  ('t)Miu'xioii  for  Machin'y, 
'J'ri|)  IIiiiniiMT, 
'J'licli  uikI  IMrtit  Folders,    . 
Turning  Ovuls, — Macliines  for 

Unihrolhi  Slicks, —  Wood  for 

Valves,— Slide 


Veneers, — ('haniferinff 
Vulcanized  Jiul)l)er, — Kestoring 

Wash-board, 
"Washini?  Machine, 


Watches, 

Wells,  <S:c., — Rais'g  Water  from 

Wheels, — Car 

, — Tightening?  Tires  on 

Whillle-trees  for  Vehicles, 

Windmills, 

Window  Sashes, — Hanging 

Shutter  Stands, 

Wine  Presses, 
Wood-screws,  . 

EXTENSIONS. 

Acids, — Separat.  Oleic  &  Stearic 
Sewing  Machines,  . 

Stoves, 


Sampson  American, 
A.  A.  Haymond, 
Alexander  Morton, 
lieuhen  IJrady, 
I.  S.  J3arl)er, 

Jonathan  I]all, 

James  Millholland, 
John  Randall, 
(»(!Orge  Williamson, 
D.  D.  J'armelce, 

A.  Hoagland, 

S.  W.  Mudge, 

Win    S  ha  for, 

C.  D.  and  S.  M.  Ohcr 

E.G.Elliot, 

Joel  Lee, 

Wade  &  Kaye,   . 

Ever<-tt  Bass, 

M.  C.  (;haml)erlin, 

J.  R.  Bahcoek, 

L.  W.  Thickstun, 

J.  W.  Kriapp, 

Wm.  S.  Kimball, 

George  Freeman, 


J.  S.  Gwynne, 
Elias  Howe,  Jr., 
J.  H.  B.  Latrobe, 


ADDITIONAL  IMPROVEMENTS. 


Corn  Planters,  . 

Hay, — Loading       . 
Stoves,  , 

RE-ISSUES. 

Bags, — Making  Paper 
Cameras, — Plate-holder  for 
Cloth, — Drying 
Cordage, — Manufacturing 
Grain  Separators,  t 

Hay  Making  Machines, 
Lamps,  . 


. — Vapor  . 

Ovens, — Bakers 

Printing  Presses, — Feeding 

Ploughs, — Gang     . 

Railroads, — Sleeping  Cars  for 

Roofing  Compositions, 

Seed  Planters  (5  Patents}, 

Steam  Engines, — Regulat.  Valve 

DESIGNS. 


W.  C.  Banks, 

T.  J.  Jolly, 

G.  J.  Kingsbury, 


E.  W.  Goodale, 

A.  S.  South  worth, 

B.  Sexton, 
Wm.  Joslin, 
J.  L.  Booth, 
J.  C.  Stoddard,    . 
M.  A.  iJietz, 
Wm.  Fulton, 
A.  M.  Mace, 
Hiram  Berdan,    . 

S.  and  G.  H.  Ferguson, 

Henry  Cowing,   . 

Eli  Wheeler, 

Henry  Lester,       . 

G.  W.  Brown, 

N.  C.  Travis  and  others, 


Sad  Irons, 

Stove, — Plates  of  a 


-, — Cooks 


Cylinder 


Thomas  Loring, 
Horton  &  Martine, 

W.  W.  Stanard, 


Stoves,  .  N.  S.  Vedder, 

Washington  Irving, — Medallion   Marie  L.Livingston, 


Chicago, 

III. 

11 

Salem, 

Mass. 

11 

City  of 

N.  Y. 

18 

<( 

i( 

4 

« 

<( 

4 

Elinira, 

N.  Y. 

4 

Reading, 

Penna. 

25 

Elinira, 

N.  Y. 

25 

Newark, 

N.J. 

4 

Salem, 

Mass. 

25 

Jersey  City, 

N.  .L 

11 

Rome, 

N.  Y. 

18 

Ri[)(»n, 

Wis. 

11 

Morrisville, 

Vt. 

11 

Elk  Horn, 

Wis. 

11 

Galesburg, 

III. 

18 

Pittsburgh, 

Penna. 

4 

Calhoun  co., 

Ga. 

11 

Johnsonsburg, 

N.  Y. 

11 

Canandaigua, 

(( 

18 

Chatfield, 

Minn. 

18 

Chester, 

N.  Y. 

4 

Rochester, 

(< 

4 

City  of 

<( 

11 

City  of 

N.  Y. 

4 

Brooklyn, 

(( 

11 

Baltimore, 

Md. 

4 

Como  Depot,      Miss.         4 
Olean,  Ind.  4 

Rochester,  N.  Y.      18 


Clinton, 

Mass. 

4 

Boston, 

<( 

25 

E.  Windsor, 

Conn. 

25 

Cleveland, 

Ohio, 

25 

Rochester, 

N.  Y. 

25 

Worcester, 

Mass. 

11 

Brooklyn, 

N.  Y. 

4 

Cranberry, 

N.J. 

25 

Springfield, 

Mass. 

4 

City  of 

N.  Y. 

11 

Maiden  Bridge 

<( 

25 

Corpus  Christi, 

Texas, 

11 

Elmira, 

N.  Y. 

18 

Cincinnati, 

Ohio, 

18 

Galesburg, 

111. 

11 

Alton, 

(( 

25 

Blackwoodt'n,    N.  J.      25 
Philadelphia,      Penna.   25 


Buffalo, 
(< 

Troy, 
City  of 


N.  Y. 


25 

25 

25 

4 

4 
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FRANKLIN  INSTITUTE. 


Proceedings  of  the  Stated  Monthly  j\Ieetin(/y  November  15,  18G0. 

John  C.  Crosson,  Prcsidont,  in  the  cluiir. 

John  Agnow,  Vice-rrcsi(U>ut,  )  p 

Isaac  B.  Garrigucs,  Recording  Secretary,  / 

The  minutes  of  the  hist  nu'oting  were  read  and  approved. 

L«.ttei\<  were  read  from  Kli  W.  I^lake,  Kscj.,  New  Haven,  Conn.; 
and  Jos.  Wharton,  Esq.,  BethUhein,  IV-iina. 

Donations  to  the  Library  were  received  from  tlic  Royal  Institution, 
the  Royal  Astronomical  Society,  and  the  Zoological  Society,  London  ; 
the  Literary  and  Philosophical  Society,  Liverpool,  England;  the  K. 
K.  Geologischen  Reichsanstalt,  the  K.  K.  (ieographisclien  Gesellcliaft, 
and  the  Oosterreichischen  Ingenieurs  Verienes,  Vienna,  Austria; 
Frederick  Emmerick,  Esq.,  Washington,  D.  C. ;  the  Providence  Athc- 
iKcum,  Providence,  R.  I.  ;  Samuel  Clark,  Escj.,  City  of  New  York  ; 
IL^iry  Ilowson,  Esq.,  and  Prof.  John  F.  Frazer,  Plnladeli)hia. 

The  Periodicals  received  in  exchange  for  the  Journal  of  the  Insti- 
tute, were  laid  on  the  table. 

The  Treasurer's  statement  of  the  receipts  and  payments  for  the 
month  of  October  was  read. 

The  Board  of  Managers  and  Standing  Committees  reported  their 
minutes. 

Eight  resignations  of  membership  in  the  Institute  were  read  and 
accepted. 

Candidates  for  membership  in  the  Institute  (14)  were  proposed,  and 
the  candidates  proposed  at  the  last  meeting  (18)  duly  elected. 

Blake  Bi'others  sent  a  cut  and  description  of  their  Ore  and  Stone 
Breaker,  with  an  invitation  to  the  members  to  witness  its  operation  at 
a  quarry  near  Germantown.  It  consists  of  a  heavy  cast  iron  frame, 
carrying  a  movable  hinged  jaw,  operated  by  a  toggle-joint  which  takes 
its  motion  from  a  lever  and  a  crank  of  short  throw.  Every  revolution 
of  the  crank  gives  about  one-quarter  of  an  inch  motion  to  the  end  of 
the  jaw,  which  hangs  nearly  vertical,  and  so  as  to  form,  in  connexion 
with  the  frame,  a  chamber  for  the  reception  of  the  stone.  The  size 
of  this  chamber  varies  with  the  size  of  the  machine,  being  at  the  top 
from  10  ins.  long  by  5  ins.  wide,  to  20  ins.  long  by  7  ins.  wide;  whilst 
the  bottom  area,  or  exit  for  the  broken  stone,  has  the  same  length  as 
the  top,  but  of  such  width  as  may  be  desired  to  produce  stone  of  the 
required  size ;  the  adjustment  being  made  by  a  wedge  and  screw,  or 
by  substituting  longer  or  shorter  bars  in  the  toggle-joint. 

"  The  product  of  these  machines  per  hour,  in  cubic  yards,  of  frag- 
ments, will  vary  considerably  with  the  character  of  the  stone  broken. 
Stone  that  is  granular  in  its  fracture,  like  granite  and  most  kinds  of 
sandstone,  will  pass  through  more  rapidly  than  that  which  is  more 
compact  in  its  structure.  The  kind  of  stone  being  the  same,  the  pro- 
duct per  hour  will  be  in  proportion  to  the  width  of  the  jaws,  the  dis- 
tance between  them  at  the  bottom,  and  the  speed. 
[^^VoL.  XL.~Third  Series.— No.  6.— December,  1860.  36 
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"  Tlic  ]iropor  speed  is  aliout  200  revolutions  per  minute ;  and  to 
make  ;j^ood  road  metal  from  hard  comj)act  stone,  the  jaws  should  be 
set  from  Ij  to  \\  ins.  apart  at  the  bottom.  For  softer  and  for  granu- 
lar stones  they  may  be  set  wider." 

The  following  table  will  give  an  idea  of  the  capacity  of  the  breaker. 


Sizo  of  chiuiiher  at  top. 

Product  per  hour. 

Power  required. 

10"  X    5" 
15     X    5 
20     X    7 

3    cubic  yards. 
0               " 

0   horses. 
9 
12          " 

These  machines  arc  in  use  at  the  Central  Park  and  new  Reservoir, 
N.  Y.,  Cooper  &  Hewitt's  blast  furnace,  and  at  Graff,  Bennett  &  Co.'s, 
Pittsburgh,  and  are  said  to  give  satisfaction  in  all  cases. 

Mr.  Josepli  Wharton,  of  the  Lehigh  Zinc  Works,  sent  an  ingot  of 
pure  Zinc  for  the  inspection  of  the  members.  The  ore  from  which  it 
was  made  is  obtained  from  the  mines  of  the  Lehigh  Zinc  Co.,  near 
Bethlehem,  Pcnna.,  at  which  town  the  works  are  located.  About  30 
tons  of  metal  arc  produced  weekly,  and  when  the  furnaces  are  all  in 
operation  the  production  will  be  increased  to  two  thousand  tons  per 
annum.  All  the  articles  required  in  the  manufacture  of  the  zinc  are 
made  upon  the  premises :  as  retorts,  muffels,  fire-bricks,  &c.,  of  in- 
gredients brought  from  the  surrounding  country,  no  foreign  material 
beinfT  used.  This  zinc  is  claimed  to  be  equal  to  the  best  distilled  zinc 
sold  by  manufacturing  chemists.  Prof.  Booth,  U.  S.  Mint,  Prof. 
Bruel,  Yale  College,  Mr.  C.  W.  Eliot,  and  Mr.  F.  W.  Storer,  have 
examined  and  approve  its  quality. 

A  Rain  Conductor,  taken,  from  the  Farmers  Market,  was  placed 
upon  the  table.  Several  of  the  conductors  attached  to  the  Market 
were,  shortly  after  a  heavy  rain  storm,  found  to  be  collapsed.  This 
may  have  been  owing  to  a  sudden  stoppage  of  the  conductors  near 
the  top  by  shavings,  and  the  consequent  formation  of  a  vacuum  by 
the  discharge  of  the  water  below  the  obstruction.  Or,  the  water  in 
falling  through  the  conductor  has,  in  obedience  to  the  law  of  gravity, 
become  attenuated  more  and  more  as  it  neared  the  ground,  whilst  the 
air  has  been  carried  along  with  its  current,  causing  a  partial  vacuum, 
which  the  material  of  the  conductor  was  not  able  to  withstand.  As  a 
parapet  wall  surrounds  the  roof,  a  head  of  water  was  above  the  en- 
trance to  the  conductors,  and  consequently  no  air  could  enter  to  sup- 
ply the  place  of  that  drawn  off,  and  a  collapse  resulted.  The  remedy 
would  have  been — perforations  at  intervals. 

The  President,  at  the  request  of  the  Committee  on  Meetings,  gave 
an  account  of  two  remarkable  instances  illustrating  the  tendency  of 
electrical  discharges  to  disperse  in  different  directions,  when  conduct- 
ing bodies  situated  near  its  path  are  presented. 

One  of  these  was  that  of  the  destruction  of  several  panels  of  a  post 
and  rail  fence,  on  the  farm  of  Israel  W.  Morris,  situated  near  the 
western  part  of  the  city.     The  lightning  appeared  to  have  struck  a 
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nia]>lo  tree  standing  on  a  small  knoll  in  the  line  of  tlie  fence,  and  de- 
scending along  the  hark  of  the  tree,  without  apparent  injury,  to  the 
level  of  the  rails  near  tlie  ground,  diverged  in  opposite  direetions 
along  the  fence,  splitting  the  rails  and  hursting  opm  the  posts  for  tho 
distance  of  eight  panels  each  side,  where  it  seems  to  have  been  con- 
vevi'd  into  the  earth. 

Tlie  other  case  was  that  of  a  stroke  of  lightning  on  the  line  of  tele- 
graph belonging  to  the  City  (Jas  Works.  In  this  instance,  the  Hash 
vas  seen  to  dart  upon  a  cherry  tree  standing  about  GO  feet  8outh  of 
the  line  of  wirt\«i,  and  then  to  pa>;s  along  the  line  in  opposite  direc- 
tions, having  the  ai)pearance  of  balls  of  fire  leaping  from  pole  to  pole. 
The  portion  of  the  charge  passing  eastward  was  traced  for  the  distance 
of  1500  feet  by  the  destruction  of  the  poles,  many  of  which  were  so 
shattered  as  to  let  the  wires  drop  to  the  ground,  and  others  splintered 
more  slightly.  Going  west,  the  poles  were  uninjured,  the  charge 
reaching  the  ground  in  that  direction  through  the  ground  wire  and 
the  lightning  protectors  of  the  instruments  at  the  First  Ward  statioa 
of  the  Gas  Works,  distant  about  3100  feet  from  the  point  of  reception. 
The  instruments  that  were  connected  with  the  line  wore  uninjured, 
but  others  which  were  not  connected  were  greatly  damaged;  the  cop- 
per wires  being  fused,  and  the  glass  case  covering  one  of  them  shat- 
tered as  if  by  an  explosion  from  within. 

The  instruments  referred  to  by  the  President  were  placed  on  the 
table  for  inspection  by  the  members. 
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The  Meteorology  of  Philadelphia.  By  James  A.  Kirkpatrick,  A.M. 

October. — The  temperature  of  October  was  over  four  degrees  high- 
er than  that  of  October,  1859,  and  about  half  a  degree  above  the  aver- 
age temperature  of  the  month  for  the  last  ten  years.  The  warmest 
day  of  the  month  was  the  2d,  of  which  the  mean  temperature  was  00°, 
and  the  thermometer  reached  tho  maximum  (T*J°)  on  the  same  day. 
The  14th  of  the  month  was  the  coldest  day,  the  mean  temperature 
being  43J°.  The  temperature  was  lowest  (36°)  on  the  night  of  the 
14th,  during  a  storm  of  rain.  On  the  same  day,  on  the  north  of  the 
city,  and  throughout  northern  Pennsylvania  and  southern  New  York, 
the  first  snow  of  the  season  fell.  On  the  15th,  16th,  and  17th,  the 
temperature  increased  gradually,  and  from  the  18th  till  the  end  of  the 
month,  remained  at  about  an  average  of  57°,  with  but  little  range,  at 
no  time  beins:  below  44°. 

Both  the  daily  oscillation  and  the  mean  daily  range  of  temperature 
were  less  than  for  the  same  month  last  year,  though  they  were  slightly 
above  the  average  for  ten  years. 

The  force  of  vapor  and  the  relative  humidity  were  above  the  aver- 
age for  the  first  time  since  last  ^Iaw  the  increase  in  the  former  bein^; 
more  marked  at  9  P.  M.,  and  in  the  latter  at  both  '2  and  9  P.  M. 

Rain  fell  at  Philadelphia  on  thirteen  days  of  the  month,  to  the  ag- 
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grc'^ato  depth  of  4-GH5  inches,  which  is  nearly  two  inches  above  the 
average  for  tlie  month,  and  an  inch  and  a  lialf  more  tlian  fell  in  Oc- 
tober, 1859.  It  is  more  than  fell  in  any  otber  October  for  the  last  ten 
years;  tbe  nearest  approach  to  the  amount  was  in  October,  1853, 
when  3'47  inches  fell. 

The  pressure  of  the  atmosphere  was  two-hundredths  of  an  inch 
greater  tlian  the  average,  and  nearly  one-tenth  of  an  inch  greater 
tlian  in  October,  1859.  The  barometric  column  stood  highest  on  the 
morning  of  the  1st  of  the  month,  when  it  indicated  30-275  inches, 
though  the  average  height  for  a  day  was  greatest  on  the  28th.  It  was 
lowest  (29-312  inches)  on  the  afternoon  of  the  8th. 

There  was  but  one  day  of  the  month  on  which  the  sky  was  com- 
pletely clear,  or  free  from  clouds ;  and  there  were  six  days  on  which 
the  sky  was  completely  covered  with  clouds,  at  the  hours  of  obser- 
vation. 

The  winds  during  the  month  were  but  one  degree  nearer  the  west 
than  in  September,  and  still  very  nearly  as  far  south  of  west  as  the 
resultant  for  the  month  for  the  last  ten  years  is  north  of  west. 

The  earthquake  which  extended  throughout  Canada  and  over  all  of 
the  Eastern  States,  on  the  morning  of  Wednesday,  the  17th  of  Octo- 
ber, was  not  felt,  or,  at  any  rate,  not  noticed,  at  Philadelphia. 

A  Comparison  of  some  of  the  Meteorological  Phenomena  of  October,  1860,  with  those 
of  October,  1859,  and  of  the  same  month  for  ten  years,  at  Philadelphia. 


Oct.,  I860. 

Oct.,  1859. 

Oct.,  10  years. 

Thermometer. — Highest, 

79° 

81-5° 

9i.° 

"                  Lowest, 

36 

30-0 

28 

"                 Daily  oscillation, 

16-10 

18-10 

15-60 

"                 Mean  daily  range,' 

5-80 

5-90 

5-60 

«*                 Means  at  7  A.  M,, 

51 -58 

46-98 

5097 

"                         "          2  P.  M., 

63-29 

5911 

6303 

"                        "         9  P.  M., 

55-61 

50-87 

55-17 

"                        "  for  the  month. 

56-83 

52-32 

56-39 

Barometer. — Highest, 

30-275  in. 

30-193  in. 

30-410  in. 

"            Lowest, 

29-312 

29-470 

29-012 

"            Mean  daily  range. 

•119 

•140 

•143 

"            Means  at  7  A.  M., 

29-963 

29^864 

29-937 

«                     "        2  P.  M.,     . 

29906 

29  823 

29  895 

«                    "        9  P.  M., 

29  938 

29-850 

29  915 

"                    "  for  the  month, 

29-936 

29-845 

29-916 

Force  of  Vapor. — Means  at  7  A.  M., 

•321  in. 

•259  in. 

•312  in. 

"             "                  "         2  P.  M., 

•363 

•274 

•344 

"             "                 "        9  P.  M., 

•354 

•280 

•316 

Relative  Humidity. — Means  at  7  A.  M., 

80  per  ct. 

75  per  ct. 

78  per  ct. 

2  P.  M., 

61 

50 

56 

«               «                 "            9  P.  M., 

77 

69 

73 

Rain,  amount  in  inches. 

4-685 

3-210 

2-781 

Number  of  days  on  which  rain  fell,  , 

13 

7 

9 

Prevailing  winds,                , 

s.75°58V-069 

x.75°21'w405 

N.73°32'w255 
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